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MEN AT WORK... 


First meeting (above) of seven- 
nation UN advisory committee 
set up to plan a nuclear confer- 
ence, heralds worldwide bene- 
fits from peaceful atom 
(page 7) 


..- ATOMS AT WORK 


Another first (right), sea trials 
of nuclear-propelled Nautilus, 
has far-reaching implications 
for nonmilitary use of nuclear 
power beyond naval use 
(page 11) 





Are you trying to 
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2 special high vacuum 


pumping problems? 


. . » Creating a vacuum on the 
order of 10°°mm Hg without using 
organic pump fluids 
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— ee 





+——+—_ 


CVC's metal ar 
FOREPRESSURE 

vapor pum at 
such needs 

There are four 
all metal seri 
internal diamet 
LOO to 1600 lit 
Our glass pumps h 
speeds, but operat 


forepressures as h 





For complete information, including data sheets, on CVC mercury vapo 


pumps, write Consolidated Vacuum Corporation, Rochester 3, N. Y. 


. lyf | 
a subsidiary of Consolidated Engineering ( orporation, Pasadena, Califo 


_S/ Be > Frost Vacuum Corporation 
ROCHESTER 3, N.W. 


Headquarters 








for High Vacuum sales offices: NEW Y Y. ¢ CHICAGO, ILL. « STON, MA * SAN FRANC! 





a 





NUCLEONICS 


FEBRUARY * 1955 


Vol. 13, No. 2 


JEROME D. LUNTZ, Editor 
C. J. MOSBACHER, JR., Managing Editor 


James J. Dutton, Associate Editor 
Thomas L. Cramer, Assistant Editor 
Daniel |, Cooper, Assistant Editor 
Raphael J. Joffe, Assistant Editor 
Nancy Purves Case, Editorial Assistant 
Dorothy Pappachristou, Editorial Assistant 
Harry Phillips, Art Director 
George B. Bryant, Jr., 

Chief, Washington Office 
W. Gilmour, Washington Office 
John Wilhelm, Editor, World News 


KEITH HENNEY, Consulting Editor 


@ @® 


H. W. MATEER, Publisher 
WALLACE B. BLOOD, Manager 


R. S. Quint, Buyers Guide Manager 
Frank H. Ward, Business Manager 

Philip H. Hubbard, Jr., New York 

Philip H. Hubbard, Jr., New England 
James T. Hauptli, Philadelphia 

Cc. D. Wardner, Bruce Winner, Chicago 
J. L. Phillips, Henry M. Shaw, Cleveland 
T. H. Carmody, R. C. Alcorn, San Francisco 
Carl W. Dysinger, Los Angeles 

William Lanier, Atlanta 

J. E. Blackburn, Jr., Director of Circulation 


NUCLEONICS (with which is consolidated “Atomic Power” 
and “Atomic Engineering”) February, 1955, Vol. 13, No. 
2. Publication Office: 212 East York St., York, Pa.; Edi- 
torial, Advertising and Circulation Offices: 330 W. 42nd 
Street, New York 36, N. Y. Published monthly by Mc- 
Grow-Hill Publishing Company, inc. Entered as second 
class matter December +7, 1947, in the Post Office at York, 
Pa., under the act of March 3, 1879. Copyright 1955 by 
McGraw-Hill Publishing Company, inc. All rights re- 
served. Donold C. McGraw, President; Willard 
Chevalier, Executive Vice President; Joseph A. Gerardi, 
Vice President and Treasurer; John J. Cooke, Secretary; 
Paul Montgomery, Executive Vice President, Publications 
Division; Ralph B. Smith, Vice President and Editorial Di- 
rector; Nelson Bond, Vice President ond Director of 
Advertising; J. E Blackburn, Jr, Vice President and 
Director of Circulation. Allow ot least one month for 
change of address. All communications about subscrip- 
tions should be addressed to Director of Circulation, 330 
West 42nd Street, New York 36, .N. ¥. Price per copy 
$.75. Subscription rates: United States and U. §. Posses- 
sions $8 for | year, $12 for 2 years, $16 for 3 years. 
Canada $10 for | year, $16 for 2 years, $20 for 3 years. 
Other Western Hemisphere countries and the Philippines 
$15 for | yeor, $25 for 2 years, $30 for 3 years. All 
other countries $20 for 1 yeor, $30 for 2 years, $40 for 3 
yeors. Member of ABC. Member of ABP. 


Reactor Control-Rod Theories. . . 


RAYMOND |. MURRAY and JOHN W. NIESTLIE 


Scintillation Counting for Multiple-Tracer Studies. . . 
G. J, WINE, B. A. BURROWS, L. APT, M, POLLYCOVE, J. F. ROSS, ond L. A. SARKES 


Licensing Nuclear Facilities... 
W. STERUNG COLE 


Measuring High Doses by Absorption Changes in Glass. . . 


JAMES H. SCHULMAN, CLIFFORD C. KLUCK, ond HERBERT RABIN 


Nomogram for Estimating Nuclear Reaction Energies. . . 
ALEX £. 5. GREEN 


Proportional Flow Counter with High-Humidity Gas. . 


GOSTA NILSSON and GUNNAR ANIANSSON 


Very Wide-Range Absorption Counting System. . 
W. H. BAKER, M. L. CURTIS, L. 8. GNAGEY, J. W. HEYD, and J. 5S. STANTON 
Trace-Quantity Analysis: Neutron Activation Applied to 
Potassium-Mineral Dating. . . 
A. MOUK, ® W. P. DREVER, and 5. C. CURRAN 


Commercial Film Badge Services. . 


A NUCLEONICS Special Survey 


Cross Sections 


Proportional Liquid Sampler. . 
JOHN M, RUDDY 


How Drill-Hole Diameter Affects Gamma-Ray Intensity. . - 
SEYMOUR C. HYMAN, BERTRAM MINUSHKIN, ond JEREMIAH CERTAINE 


Scintillation Counter for Vapor-Phase Analysis. . . 
K. L. MAl and A. Ll. BABB 


Potentiometric Determination of Iron by X-Ray Oxidation. . 
MELVIN A. DEWAR ond ROBERT ®. HENTZ 


Proportional Gamma Spectrometer. . 
D. G, MILLER 

Colloidal Gold Infusion Unit. . 
S. ALLAN LOUGH 

Simple Relay-Reck Chassis Holder. . 
JOSEPH GOTIMER ond ALFRED WEINSTEIN 

Preparing Samples for Absolute Counting. . 
5. G, RUDSTAM 

Fast-Fission Cross-Sections of U*** and U**"*... 

NENAD RAISIC 


Scintillation Counter for Assay of Redon Gas. . 


M. A. VAN DILLA and D. H. TAYSUM 


Nuclear Engineering 


Testing Heat Transfer and Corrosion of Globeiron for Fue! Cladding in « 
Na-Cooled Fast Breeder. . . 
R. H. JONES ond ® & LEE 


Thermal Neutron Distribution in the Concrete Shield of JEEP. . 
F. ALDER ond H. KLEPP 


West Germany Studies Reactor Design, Materials. . 


Departments 


LATE NEWS ABOUT THE INDUSTRY....... 9 PATENTS 
NEWS .. 0.566 TECHNICAL ADVANCES 
WASHINGTON REPORT & INDUSTRIAL APPLICATIONS 11, 76 


PRODUCTS AND MATERIALS 646 





NOW .. . Daystrom Instru- 
ment is equipped to supply 
Reactor Control instruments 
to science and industry .. . 
instruments that are in keep- 
ing with traditional Daystrom 
reliability of design and func- 
tion — instruments that are 
available as units or com- 
plete consoles. Yes 

the know-how of Daystrom 
Instrument is available to 
industry. 


EY 


nstrument 


‘WATCH FOR THESE: 


‘Neutron Compensated lon Chambers * Period 
Amplifiers * Magnet Amplifiers * Log N Ampli- 
fiers * Log Count Rate Meters * Composite 
Safety Amplifiers * Parallel Circular Plate 
Chambers * Sigma Amplifiers * ton Chamber 
High Voltage Supply ° Single Channel Pulse 
Height Analyzer * Associated Test Equipment 
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STAINLESS STEEL 
INTERCHANGEABLE DRY BOX SYSTEM 


FOR HANDLING RADIOACTIVE MATERIALS 


ruction assure. ease of 
oe and Eurerremtoction: ; 


Some of the many assemblies possible 
with the interchangeable dry box system. 


Here is a system of interchangeable dry 
boxes that offers several advantages: 


Offers selection of six basic enclosures and varia- 


> : ; SEND FOR TECHNICAL BULLETIN A-4 
tions, 2 types of air locks. 


providing additional information ebovt 


, this interchan ble dry bo stem. 
Completely flexible. Endless arrangements are . Se. 


possible to meet any condition. 





Standardized adapter plates and gaskets provide 
for connecting any type box to another, with or en 

: ae ; . is is only a partial list 
without air locks interposed. Units can be re hal us thous the Geille Guo 
arranged at any time. ment in which you are interested 


Stainless Steel Low Intensity Dry Box 


OTHER TECHNICAL BULLETINS AVAILABLE 


Standardized supports with adjustable legs ac- 
commodate any enclosure arrangement. Supports 
easily adapted to changes. 


Stainless Steel Vacuum Dry Box 
Biological Safety Cabinets & Research Enclosures 
Dry Radioactive Waste Container 


; Typical Radio-Chemical Laborat 
All units promptly available for replacement, nigdinnase <se9” aber temas 


Los Alamos Type Vacuum Rack Enclosures 
addition or re-arrangement. 


Los Alamos Type Stainless Stee! Fume Hood 


Variations in dimensions of any unit may be Henterd Cowndreh Fume Mood 


ordered to meet specific conditions. 











5. BLICKMAN, INC., 7902 Gregory Avenue, Weehawken, N. J. 
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‘ FUME HOODS 
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; STAINLESS STEEL Jee ae 


LABORATORY EQUIPMENT | PEG BOARDS 


Vol. 13, No. 2 - February, 1955 








The key to harnessing the power of the atom 


lies largely in the economic design of the power 
reactor. NDA has been a leader in reactor design 
and engineering since 1948—longer than any other 
independent private enterprise. For example, the 
large-scale atomic power plant being planned by 
the Detroit Edison Company and its associated 


HOW TO companies will employ an advanced reactor for 


which much of the nuclear engineering and physics 


SQUEEZE JUICE has been evolved in the engineering offices and 


laboratories of NDA. Many other reactor designs, 


FROM ranging from small units for research to large-scale 


power reactors capable of producing 200,000 kilo- 


AN ATOM watts of electricity, have been conceived and 
designed by NDA. 


Technological contributions such as these 
have been made possible by the coordinated efforts 
of NDA’s highly trained team of scientists, en- 
gineers and technicians. Their capabilities in the 
fields of research, design, development and en- 
gineering have been demonstrated repeatedly by 
their past achievements. Before your company 
initiates any project requiring advanced nuclear 


technology, consult NDA for expert counsel. 


For more information about NDA’s services 


write for brochure SJ5. 


WHITE PLAINS 8-5800 NDA NUCLEAR DEVELOPMENT ASSOCIATES, INC. 


80 GRAND STREET, WHITE PLAINS, NEW YORK 
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Insurance 
Problem 


AEC Reports 
to Congress 


AMF 
Reactor 
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OF KEY DEVELOPMENTS IN ATOMIC ENERGY 
LATE NEWS AND COMMENTARY 


If industry doesn’t take AEC up on suggestion that a private group build 
a test reactor (NU, Jan. '55, p. 9), AEC may have to do so to meet its own needs. 
Phillips Petroleum Co., operator of AEC’s materials testing reactor in Idaho, has 
already designed an “engineering test reactor” (ETR) for AEC 


The Joint Committee on Atomic Energy will take a hard look at whether state- 
ment in law that Federal government will be held “harmless from any damages 
resulting from the use or possession of special nuclear material” must be changed 
to facilitate assistance to industry in meeting nuclear power plant insurance 
needs. At present, some kind of Federal reinsurance plan seems a must. If this 
is done, expect AEC policing of plant safety features to be quite stringent. 


Among other things, AEC’s 17th Semiannual Report to Congress: 

{Confirms earlier reports (NU, Aug. 54, p. 6) that its Idaho boiling water 
reactor “ran away” last summer during tests of the system in which “the power 
was allowed to rise well over a million kilowatts in 0.1 sec.” A second such 
reactor, operating at a higher power (6,000 kw of heat) and pressure (300 psi), 
was then built at the same site. 

{Details progress in its breeder program. A third core, of plutonium, is about 
to replace EBR-1's second uranium core, A half-scale working model of the 
much larger EBR-2 will start running at Argonne next month. 

{Reveals construction of a $91,550 gamma radiation facility at Argonne to be 
used primarily by the Army for food preservation studies, but also to be avail 
able to Argonne researchers and industrial concerns. 

{Shows that radiochemical processing plants cost about 12 times as much to 
build as similar plants processing nonradioactive materials. According to AEC, 
the total annual operating cost of a radiochemical plant may be almost three 
times that of a conventional plant. 

° 


American Machine & Foundry Co, has invited industrial concerns to join it in 
supporting the first industry-owned research reactor. AMF is planning to build a 
$1- to $14%-million, 100-1,000-kw swimming pool unit on a 250-acre site near 
New York City. AMF also will build similar units for Battelle Institute 

- 
Rep. W. Sterling Cole (R., N. Y.), chairman of the Joint Committee in the 83rd 
Congress, fulfilled a promise he made when the new law was passed last year 
by introducing last month a bill (HR-1777) that states “that sections 153 and 
154 of the Atomic Energy Act of 1954 are hereby repealed.” These are the 
compulsory patent licensing sections. 

. 


Although not publicized, a small number of American industrial engineers will 
be able to attend the reactor school at Argonne National Laboratory set up 
primarily for foreigners. Aimed at beginners, the comprehensive, 7-month, un 
classified course will start next month. A second course will start in October. 


Contrary to earlier expectations, the United Nations atomic energy conference, 
to be held in Geneva Aug. 8-20, will be open to the public to the extent of 
availability of space in the 1,000-seat auditorium. President of the conference 
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LATE NEWS AND 
COMMENTARY 


CONTINUED 


Congressional 
Hearings 


will be India’s chief nuclear scientist, H. J. Bhabha. Secretary general will be 
Walter G. Whitman of MIT, a member of the AEC general advisory committee. 
Although there will be considerable emphasis on radioisotopes and basic 
nuclear science, greatest interest will be in nuclear power. The “have” nations 
will undoubtedly vie with one another for plaudits on who is most advanced in 
the power field. Undoubtedly, the date for committee review of papers will be 
set late to prevent one nation from “cribbing” from another, as some anticipate, 
but more important, to prevent some from determining how far they'll go on re- 
leasing information according to what they see in the papers of other nations. 


With AEC testifying, the first two days of biennial hearings on the state of the 
atomic industry that Sec. 202 of the new law requires the Joint Committee on 
Atomic Energy to hold produced the following developments: 

{With Sen. Gore (D., Tenn.) taking the lead, much time was taken up with 
matters presumably unintended for discussion at these hearings. Until the 
Dixon-Yates power issue is resolved, AEC will be split, and AEC Chairman 
Strauss will be under attack by the JCAE majority. 

{The split between Commissioners Strauss and Murray was aired further. 
Strauss was attacked by JCAE Chairman Anderson (D., N. M.) for not having 
told either the JCAE or the other commissioners about General Manager Nichols’ 
talk with Strauss in Sept. 54 about Nichols’ impending resignation. Anderson 
feels the general managership is so important that Strauss should have kept the 
JCAE and the commissioners “fully informed.” 

{Nichols’ resignation (submitted Jan. 17) after 14 months as AEC’s third 
general manager will be effective May 1. With a reputation as a hard-boiled 
executive, Nichols instituted many organizational changes in AEC. 

{Drafts of licensing regulations required by the new law will first be ready 
in March. They will then be: (a) examined by industry committees, (b) acted 
upon by AEC, and (c) published in the Federal Register as proposed regulations. 

{Although the terms were said to be not generally applicable to industry, AEC 
has issued its first license—to the Dept. of Defense for a reactor using U-235 at 
Dugway Proving Grounds. 

{AEC expects 100 new industrial participation agreements will be signed in 
‘55 under three plans: (a) access agreements—for l-year period for access to 
confidential data by companies that want to evaluate their place in the atomic 
industry; (b) existing study-type agreements—for access to secret data; and (c) 
commercial agreements—for access to confidential and/or secret data for those 
working commercially in atomic energy. 

{Sen. Anderson was highly critical of this “agreement” program. He feels 
anyone who can qualify for security clearance should be given full access with- 
out any strings attached. He feels a company should not have to justify a re- 
quest for clearance, nor should it have any obligations to AEC once it has been 
cleared, including such things as present information reporting requirements. 

{By implication AEC was criticized for instituting its present feed materials 
plant expansion by contract rather than by license. Although at least one com- 
pany was appare ntly willing to undertake the job under a license, Gen. Mgr. 
Nichols felt there wasn’t enough time and that AEC’s needs were too fluid. 

{AEC says it will make nuclear fuel available to licensees for period of their 
license. 

{A reactor concept using hydrocarbons as moderator and coolant “is perhaps 
the most advanced and may soon justify assembly of a reactor experiment,” says 
AEC. 

{April 1 deadline for industrial submission of “demonstration reactor” pro- 
posals was criticized by JCAE. AEC expects at least four “good” proposals by 
then, $75-million has been slated for this program. 
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AEC Announces Industry- 


Assistance Plan, Fuel Prices 


An Atomic Energy Commission 
plan to implement the advance of 
nuclear power technology was gen- 
erally hailed by industry last month, 
but a schedule of prices and pay- 
ments for nuclear fuels evoked a 
mixed reaction. Several companies 
already active in nuclear power 
study groups told Nuc.eontics they 
either planned or “hoped” to submit 
proposals under the power demon- 
stration reactor program to AEC by 
the April 1 deadline. Others, con- 
fident that the response would be 
sufficient for AEC to extend the 
program, expect to submit proposals 
later. 

This new program provides a 
three-point plan under which AEC 
will cooperate with industry in 
power-reactor development. First, 
AEC may waive established charges 
for lease of source and special nu- 
clear materials—nuclear fuel. Loans 
without charge can be for as long 
as seven years from July 1. But 
licensees will have to pay for ma- 
terials consumed and for AEC-per- 
formed services such as processing of 
spent fuel, even hou AEC isn't 
required to charge for them under 
section 104 of the law. 

Second, AEC would not charge 
for certain mutually agreed upon re- 
search and development work per- 
formed in its laboratories for the 
licensee. 

Third, AEC would contract, under 
section $la (“research assistance”) 
of the law, for technical and eco- 


UNITED NATIONS ADVISORY COMMITTEE meets around conference 


table in New York to plan international 
ference. (See story, p. 9.) 
(India), B. Goldschmidt (France), W. 8B. 
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nuclear energy con 
From left at table are H. Bhabhe 
lewis (Canada), J 


nomic information resulting from 
power-reactor development, con- 
struction and operation. Payment, 
fixed in advance, could be used for 
development, fabrication, and exper- 
imental operation. Generally, the 
data gained would be disseminated 
as widely as possible by AEC. But 
provisions for patent rights could be 
negotiated when the contract was 
made, and distribution of informa- 
tion would then be restricted. It is 
not clear whether further negotia- 
tions would be needed at the time of 
a patentable discovery. 

AEC’s attitude towards patents is 
that work performed by the con- 
tractor would probably be patent- 
able, while work AEC does for him 
in its facilities would not. Section 
152 of the atomic energy law pro 
vides that AEC must waive its rights 
before a private patent can be ob- 
tained on a development made under 
any “relationship” with AEC. 

The proposed “payment for data” 
and the free-fuel provisions are ap- 
parently deel to circumvent 
section 169 of the new law, which 
prohibits subsidy of licensees by 
AEC. This was necessary as an al- 
ternative to the “reactor of the year” 
plan, which was the genesis of the 
present proposal. Under the “re- 
actor of the year” idea, it was sug- 
gested that AEC might subsidize an 
industrial project to the extent of 
the difference between the cost of a 
nuclear power plant and that of a 
conventional plant. Presumably the 
extent of support under the present 
plan will effectively be the same. 

However, different from the Du 
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BUDGET ESTIMATE submitted to Congress 
by President Eisenhower shows Atomic 
Energy Commission operating costs in- 
creasing sharply while plant and equip- 
ment expense drops off as present ex 
pansion program is completed 


quesne PWR project, the AEC con- 
tribution will be a fixed sum. An- 
other difference from the PWR 
setup is that the company would 
own the total plant (in PWR, AEC 
will own the reactor, Duquesne 
the conventional power generation 
equipment). 

It is expected that AEC will make 
payments to contractors in install- 
ments, but this will be subject to 
contract negotiation. It’s under- 
stood that funds for the program are 
already in AEC’s budget for the 
fiscal year starting July 1. 


How AEC Will Choose 

To evaluate the proposals it re 
ceives, AEC has set up five criteria: 
(a) probable contribution toward 
achieving economically competitive 


Coste Ribeiro (Brazil), G. Randers (UN), UN Secretary General 
Hammarskjold, Raiph Bunche (UN), |. |. Rabi (United States), J 
V. Dunworth (United Kingdom), and D. V. Skobeltsyn (Union of 
Soviet Socialist Republics) 
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power; (b) cost to AEC in fun 

and materials; (c) risk assumed by 
the maker of the pl posal (d) mak 
ers competence 
and (e) assurances against abandon 
ment of the project The last twe 
bear directly on the fact that, to be 


and re spons ibility 


acceptable, a prop il must be mace 


by a person or firm who can quali 

for a license under section 104 of 
the law. But AEC stresses that the 
probable contribution of a proposal 
will be the primary basis for d 
termining its acceptability That is 
within the limits of 

terials, AEC will m 
against a 
but will actually fa 
ises greater advance 


funds and n 
aiscrimin 


more ( pen 


Prices in L-Category 
Industry's reaction to the price 
and payment schedule was unani 
mous on ll wel 
come it as something definite on 
which to hang cost estimates that up 
to now have been largely guesswork 


only two point 


| 





and all were glad that although 
classified, the prices were only “con 
fidential” and thus in the gray area 
where industry could get at them 
But Senator Clinton P. Anderson 
chairman of the Joint Committee on 
Atomic Energy, apparently is dis 
satisfied that they are classified at 
all—he didn’t want the schedule in 
his office. (Sources close to Ander 
son say this merely indicates his 
attitude towards c 
general. ) 

As for the itself, the 
actual figures for charges AEC will 
make for natural uranium, thorium, 


heavy water, uranium-235, uranium 


classification in 


schedule 


233, or plutonium and payments 
for uranium-233 plutonium 
were not released. 
for which AEC charges can 
only be leased by licensees and not 
sold to them.) But AEC says that 
the prices and payments are on a 
sliding with value varying 
enrichment and quality of 
AEC also says that the 
prices are based on “value per re 
cycle in a power reactor.” One in 
terpretation of this is that the slidin, 
scale based on fuel quality is so ar 


and 


items 


scale, 
with 
plutonium. 


(The last three 


| 
| 
| 


ranged that the difference between 
original price and payment for ma 
terial in used fuel would equate to 
the cost of treatment to reclaim and 
possibly re-enrich the material. 
AEC also makes the point that, 
even though prices have been estab- 
lished for fuel-value material (plu 
tonium), none will be available at 
these prices until some is acquired 
from licensees 
Reaction to the 
which 
industrial 
before it 
announced, was mixed. One emi- 
nent authority called them very, 
very low, told Nucreonics that in 
dustry “couldn't afford to operate a 
reactor even if they got the reactor 
But others looked at 
and 


price and pay- 


ment schedule. 
viewed by 
a month 


was pre 
some con- 


tractors was 


for nothing.” 
them as long-range 
thought they would be an incentive 
to industry to produce more effi 
cient plants and to think realistically 
One comment was that AEC kept 
prices low to favor power reactors 


prices, 


over production facilities. 

While AEC established the prin- 
ciple, in conjunction with the price 
list, that industry would be charged 


Washington Report 


Even before Atomic Energy Commission members 
gave final approval to detailed limits for L-clear- 
ance information, AEC’s technical information staff 
was well along in setting up a program to dis- 
seminate it. With tens of thousands of classified 
reports in AEC files, the staff didn’t want to delay 
selecting those that would be useful to industry 
until the last minute—about half the reports must 
be reviewed for the lower classification 
Tentatively, the staff feels that about one-half of 
these documents will be of interest to industry 
generally, and that only about one-eighth of the 
total can be considered significant major studies 
information program. 
that 


with an 


needed in the 
Further, they 
areas cover all the reports 


gray-area 


have found about 45 subject 
average of 
about 100 useful reports in each area. The as 
sumption is that most partic ipants in the gray-area 
program will be satisfied with a selected few 
reports containing the most important information 
industrial 


on a particulas subject; only a few 


participants will want to review all literature in a 
given subject area 

Working on this base, the staff is well along on 
a plan to reproduc e the reports they think will be 
in demand, at reasonable prices hey are plan 
ning full-size reprints of selected “packages,” con- 


sisting of a reactor handbook, abstracts of classified 


and declassified reports, and chosen gray-area re- 
ports. These will be available at prices that will 
recover the actual costs to the Government. Also 
planned, for those who want to see all, are 3-by-5- 
inch microcards, priced at a nominal figure, which 
can be read easily through a $250 reproducer. The 
estimates that three- 
will be 


technical information stafl 
fourths of its 
microcard requests. 

Rounding out the gray-area information program 
will be a journal of abstracts that will serve as a 
This will be based on an 


gray-area customer load 


comprehensive catalog. 
abstract journal of classified reports that has been 
published twice a month since 1947; items still 
classified will be blocked Technical staff 
personnel will also be available for consultation on 


out. 


a participant's needs. 

Even though it now knows the limits of the gray 
area, the technical information staff still has to 
wait for some indication of industrial interest and 
the number of licenses of all types that will be 
issued under the new law before it can plan the 
actual mechanics of its printing program. 

If the gray-area program gets large enough, 
regional distribution centers like the 42 existing de- 
positories for declassified data may be set up. But a 
big problem in any such expansion program would 
be lack of storage space for classified reports. 
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the full cost of AEC services such 
as fuel reprocessing, one industrial- 
ist pointed out that this made the 
price list incomplete because actual 
charges aren’t specified. 

AEC also guaranteed its payment 
schedule for seven years beginning 
July 1. This may in part explain the 
low scale. But both prices and pay- 
ments will be changed if there are 
substantial changes in the Bureau of 
Labor Statistics’ wholesaie prices 
index, excluding farm products and 
proc essed foods. 

More rapid change will occur if 
those who think the schedule too 

vy have their way. One idea is for 
industry to wait, then hit hard at 
\EC to raise its payments. 

Another contentious point is the 
tart of the guaranteed i sere It’s 
pointed out that no industrial power 
reactor will be operating by July, 

d that the guarantee doesn’t hold, 
herefore, for seven years of reactor 
peration. And while AEC inter 
prets the law as allowing it to ex- 
tend the guarantee period, industry 
has no promise this will be done 

In spite of these comments, the 
general industry attitude towards 
the price list was one of approval, 
with many indications that compa- 
nies queried could now move faster 
towards their goal of nuclear power. 


UN Advisory Committee 
Meets, Plans Conference 


After first meeting on January 17, 
the advisory committee for the in 
ternational conference sponsored by 
the United Nations moved rapidly 
towards completing plans for the 

eeting. UN officials had set Jan 
iary as the target date for commit 
tee recommendations (NU, Jan. °55, 
p. 79). The conference is sched 
uled for August in Geneva, Switzer 
land 

Participating in the committee 

eetings were representatives of 
even nations and Gunnar Randers 
vho is serving as Secretary General 
Dag Hammarskjold’s special con 
sultant for the conference. (See 
pictures, page 7 and front cover.) 


Russia Offers Data 


Just before the committee met, 
Russia announced that it would 
ake available data on its 5,000-kw 
nuclear power plant for presentation 
at the international conference. 
Later, it announced that it was 
setting up an atomic pool with 
China, Poland, Czechoslovakia, Ru 
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About the Industry 


Make first feed-materials construction awards. Cost-plus-fixed- 
fee contracts are being awarded by AEC for expanding uranium 
processing plants (NU, Nov. '54, p. 118), but AEC “contem- 
plates” that much of the work will be subcontracted on a lump- 
sum bid basis. So far, contracts for the $39.8-million expansion 
at St. Louis and Weldon Springs, Mo., have been aw arded jointly 
to Fruin-Colnon Contracting of St. Louis and Utah Construction 
of San Francisco; Maxon Construction of Dayton, O., was se 
lected for the $20.1-million Fernald expansion. 


Westinghouse employment up. Backing up president Gwilym 
Price’s statement that “the horizons are unlimited for atomic 
power’ is the growth of Westinghouse Electric's atomic power 


division to more than 2,000 employees during 1954 


Investment firm hires nuclear guides. To keep abreast of atomic 
development, a New York investment firm, National Securities & 
Research, has retained Nuclear Consultants, Inc., New York. 
Besides analyzing the scientific programs of companies in which 
National has invested, Nuclear Consultants will report periodi 


cally on developments in both atomic energy and electronics 


Oil industry gets special service. With oil firms the largest in 
dustrial users of radioisotopes, Tracerlab has opened a laboratory 
at 2419 South Blvd., Houston, Texas, solely for supplying radio 
active material to them. L, F. Tischler heads the new unit, 
which is prepared to make shipments on 24-hr notice. 

Oil producers use radioactive tracers to evaluate and control 
water flooding of oil fields for secondary recovery, to test oil-well 
casing cement for leaks, to locate oil or gas-pad level in salt 
domes and thus control brine recovery, to tag drilling mud to 
determine permeability of formation being drilled, and to tag 
cement to locate its level around a well casing 


Study group adds nine firms. Atomic Power Development As- 
sociates, originally the Dow-Detroit Edison power study, now 
numbers 34 firms, including utilities representing 37% of investor 

owned U. S. electric generating capacity. New utilities are 

Boston Edison; Central Hudson Gas & Electric; Connecticut 
Light & Power; Long Island Lighting; New England Gas & Elec 

tric Assoc.; New York State Electric & Gas; and Wisconsin Power 
& Light. Two engineering firms—Commonwealth Associates and 
Jackson & Moreland—also have joined the group 


Institute of Nuclear Medicine gets funds. General Dynamics 
Corp. has provided funds to get the new Institute of Nuclear 
Medicine started at the Lovelace Foundation for Medical Edu 
cation and Research, Albuquerque, N. M. Other industrial firms 
are expected to underwrite continuing research on medical uses 


of radiation 


Industrial applications firm formed. Charles H. Lutz has re 
signed from Designers for Industry to form his own consulting 
firm, Atomic Energy for Industry, Inc., 344 Hanna Building, 
Cleveland, O. The new firm will specialize in industrial appli 


cations of radioactivity 
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mania, and East Germany. Under 
this pool, Russia would provide 
member nations with nuclear reac- 
tors and equipment; Russia will get 
uranium ore in return. 


Bhabha Tells Indian Needs 

India’s representative, Dr. Homi 
Bhabha, asked what kind of assist- 
ance India most requires, told 
Nucieonics “know-how and very 
little else.” He added, “In course 
of time, we shall get this know-how 
through our own efforts, but given 
it now, we could speed up our 
atomic development.” 

Bhabha listed materials for re 
actor construction, methods of pro 
ducing nuclear 
processes and engineering of asso 
ciated chemical plants as subjects in 
which India .is vitally interested 
He believes the international confer 
ence should discuss different types of 
reactors, and, above all, encourage a 
free exchange of views on the basic 
approach to nuclear power as well as 
make a careful assessment of the 
economics involved. 

“Each nation,” he said, “should 
be provided with know-how so that 
it can make its own contribution to 
this vital new industry through set- 
ting up of relevant plants or re 
actors on its own soil.” India has 
already started on a $20-million 


power, chemical 





plant to produce 5 to 6 tons of heavy 
water a year in conjunction with 
fertilizer manufacture, has one of 
two uranium and thorium extraction 
plants already in operation. Plans 
for a beryllium ‘oe plant are 
being considered. 


Other Nations Interested 


While the UN committee is set- 
ting up the international conference 
smaller nations are expressing in 
creasing interest in nuclear develop 
ment, Turkey's Premier Menderes 
told Morehead Patterson, special 
ambassador charged with imple 
menting the Eisenhower program 
that his country was eager to benefit 
from peaceful applications of atomic 
energy, that Turkey was planning to 
ask for U. S. nuclear material. 

In Austria, the government set up 
a nine-member advisory atomic en 
ergy commission last month to dis 
cuss the advisability of setting up 
a reactor and sending Austrians 
abroad to participate in nuclear 
training programs. 


UN Agencies Coordinate 

UN specialized agencies that will 
be represented at the conference are 
already taking steps to coordinate 
their atomic energy activities. The 
UN Educational, Scientific and Cul 
tural Organization (UNESCO) is 
studying “measures of international 
scope to facilitate the use of radio 
isotopes in research and industry” so 


Technical Advances 


Gaseous scintillators. 


Light from gaseous atoms 





Chemical dosimetry and ion density. 


that it can cooperate in UN projects 
The World Health Organization is 
gathering from its member govern- 
ments copies of regulations protect- 
ing atomic energy workers, and is 
planning to explore use of atomic 
energy in medicine, biology, and 
public health. 

To assess effects of atomic ex- 
plosions on weather, the World 
Meteorological Organization is as 
assembling data from all nations 


_ 


ANS Incorporates, Pushes 
Plans for First Meeting 


The American Nuclear Society, 
having formally incorporated in 
New York State last month, is de- 
veloping the program for its first 
annual meeting at Pennsylvania 
State University, June 27-29. Offi 
cers and directors will be elected by 
mail ballot between April 1 and 
June 1 from a slate being prepared 
by a committee headed by C. Rogers 
McCullough, Chemical 
Co. The new officials will be in- 
stalled at the meeting. 

James A. Lane of Oak Ridge Na- 
tional Laboratory, is chairman of the 
technical program committee. Pa- 
pers are expected on fast-reactor 
experimental nuclear 


Monsanto 


technology, 
techniques, radiation effects on bio 
logical and physical systems, sources 
and economics of reactor materials, 
problems in reactor fuels, reactor 
safety considerations, applications 


It has long 


excited by fast charged particles provides a new 
The new 
technique complements the classical use of ioniza- 


means of detecting nuclear radiations. 


tion as a detector and uses the technology built up 
for solid and liquid scintillators. C. M. Huddle 
ston (Argonne National Laboratory) has detected 
ultraviolet light from argon gas excited by the pas 
sage of an alpha particle. He uses a film of 2.6% 
tetraphenylbutadiene in polystyrene to shift the 
ultraviolet light into the visible region for detection 
with a photomultiplier. 

Counter efficiency is essentially 100%; energy res 
Although pulse 
height is only 2% of that obtained with a Nal crys 


olution is 10% for 5-Mev alphas. 


tal, it is well above noise and gamma-ray pulse 
heights and can be improved further. L. F. 
Wouters, at Livermore, has applied this new de 
tection principle to a fission counter getting 10~*-sec 
pulses 16 accompanying alpha background 
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been expected that the radiation effects utilized in 
liquid chemical dosimeters would vary with ioniza- 
tion density. This has now been shown to be the 
case quantitatively: calibration of ferric-ferrous 
dosimeters is smaller for radiations producing 
higher linear ionization densities 

Norwegian researchers L. Ehrenberg and E. Sae 
land (Joint Establishment for Nuclear Energy Re 
search) have measured the following yields (G 
values expressed as Fe*'/100 ev): fission fragments, 
30+ 0.9; B® (nea)Li’ recoils, 4.0 + 0.4 protons 
from N'*(n,p)C%, 7+ 1; Li*(na)H’, 54+0.3 
(from which 6.5 + 0.7 is calculated for H*); 175 
kev X-rays, 17.4 + 0.8; 160-Mev protons, 16.5 + 1 
Similar effects occur in ceric-cerous dosimetry, but 
the variation with ionization density is not the 
same. Thus Gy./Gce decreases from 4.7 for lightly 
ionizing gamma rays to 1.6 for densely ionizing 


alpha rays 
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and technology of accelerators, and 
the role of chemical processing in 
nuclear power economics. 


Two Nuclear Exhibits 
Planned for '55 


Firmly indicating that nuclear en 
ergy is itself an industry, two or- 
ganizations have announced plans 
for trade shows this year. The 
Atomic Industrial Forum is plan- 
ning its first Annual Trade Fair of 
the Atomic Industry to coincide with 
its annual fall meeting in Wash- 
ington, D. C., Sept. 27-29. The 
American Institute of Chemical En- 
gineers is sponsoring an Atomic 
Exposition in conjunction with a 
nuclear congress in Cleveland, Dec. 
12-17. 

R. T. Sawyer, American Locomo- 
tive Company's manager of research, 
is chairman of the Forum’s exhibit 
committee. Manufacturers and po- 
tential operators of reactors, com- 
ponents and associated apparatus, 
producers of instruments and equip- 
ment for isotope users, and other 
companies providing products or 
services to the atomic energy in- 
dustry can obtain exhibit space. 

AIChE has named A. F. Den- 
ham (Atomic Exposition, 931 Book 
Bldg., Detroit 26, Mich.) to direct 
its exhibit. Cleveland Municipal 
Auditorium will be the site of both 
the exposition and the nuclear con- 
gress meetings. 

The nuclear congress, being ar- 
ranged by Engineers Joint Council, 
is being sponsored by 14 societies. 


Nautilus Sails on Tests, 
Navy Expands Training 


On January 17, the Nautilus cast 
off from her dock and, at 11:01 am, 
signaled that she was “under way on 
nuclear power.” _ This first use of nu- 
clear power for propulsion had been 
delayed three months by installation 
of incorrect steam piping. 

The second nuclear-powered sub- 
marine, the Sea Wolf, will be 
launched this year. Navy is step- 
ping up its officer training program 
in nuclear engineering and other 
phases of nuclear power. Naval 
officers have been invited to apply 
for two postgraduate courses starting 
this summer. Deadline for applica- 
tions is Feb. 18. 

The 15-month advanced nuclear 
engineering course at Massachusetts 
Institute of Technology will be ex- 
panded from 6 to 16 officers, and 
the 3-year mechanical engineering 
(nuclear power ) course at the Naval 
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Industrial Applications 


Potato-irradiation treatment competitive. For far less than the 
cost of shipping from the Far West or South, Northern potato 
processors can irradiate the local product and store it to keep 
their plants at full capacity the year around. With three fourths 
of total potato production harvested in the fall, storage until 
needed is a real problem, for even with refrigeration it is difficult 
to hold untreated potatoes later than May. But studies at 
Brookhaven (NU, Aug. '54, p. 16) have shown that doses of 
10,000-20,000 rep stop sprouting for 18 months without affecting 
taste. Comprehensive studies of two plant designs at the U, of 
Michigan indicate total irradiation costs (including plant opera- 
tion and 10-yr amortization) of $3.62-4.98 per ton. 

One plant would irradiate 270 bushels per hour to 10,000 rep 
by passing sacked or bulk potatoes on a tray conveyor through 
a 3-ft concrete walled chamber containing 150,000 curie source. 
Source is either Ce'** (ORNL is building fission-product separa- 
tion plant with 200,000 curie/yr Ce'*' capacity), or 2-yr-old 
mixed fission products. Slightly different design uses source 
composed of two reactor fuel elements that are in the cooling-off 
period between reactor irradiation and chemical processing. 
Fuel-element plant would provide lowest total irradiation cost 
if elements were rented for $250 per month apiece. 

Economic comparisons are complicated as different source 
half-lives mean differing renewal costs. Building is estimated 
at $66,000 ($49,000 if cooling slugs are source ), sources at $120,- 
000 for Ce and $38,000 for MFP. Cesium source cost is scaled-up 
from present price of $6,000 for 1,000 curie using 0.6 power 
scale-up factor commonly applied to chemical-plant costs. 


Tracer studies yield better water distribution. Good water dis- 
tribution is usually important in irrigating sugar cane fields, as 
aqueous ammonia fertilizer is added to irrigation water. Radio- 
rubidium has been used by Hawaiian Sugar Planters’ Association 
to study distribution on all of Hawaii's irrigated sugar planta- 
tions. From these tests modifications of line length and slope 
are formulated to insure even distribution. Procedure is simul- 
taneous delivery of controlled water supply and tracer rubidium 
to irrigation line, followed by spot checks at various locations 
with Geiger counter to estimate amount of water absorbed, and 
taking soil and water samples for activity analysis. 

Isotopes show leak location. A new system saves 25% in time 
and cost and also is better suited for more exacting specifications 
works by facilitating communications in the two-man job of 
pressure testing fuselage and other aircraft components, In 
former method part under test was pressurized and outside man 
located leaks by hissing sound of escaping air. Using head set, 
he directed a man inside the part to the leak, and inside man 
applied sealants. Complicated structural shapes and shop and 
air noise often made verbal instruction difficult. 

All this has been changed at Rohr Aircraft Corp., Chula Vista, 
Calif. Outside man now spots a glass-encapsulated low-activity 
source on the leak. Aided by Geiger counter, inside man pin 
points leak, then applies sealant. 


Tritium determines moisture gradient in attached protective 
films. See p. 76 for two-page article on this new test method. 
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Postgraduate School, Monterey. 
Calit., will start with 28 men. 

The MIT course is concerned with 
design, development and construc- 
tion of nuclear powered vessels, 
while the NPS program is aimed at 
more practical training for opera- 
tional maintenance of nuclear pow- 
ered installations. But some NPS 
student officers spend: their third 
year at Oak Ridge School of Reactor 
Technology, with work paralleling 
the MIT program. 


AEC Awards $1.2-Million 
for Physical Research 


Universities and private research 
institutions were awarded 49 un- 
classified physical research con- 





tracts by the Atomic Energy Com 
mission last month. Included in 
the total of $1,214,590 is $79,854 
for six new contracts. 


RAW MATERIALS 


SOUTH AFRICA: will build ore 
plant to meet British demand. The 
British Atomic Energy Authority has 
agreed to buy uranium from the 
Rhokana Corp. of Northern Rho- 
desia. The company will mine the 
uranium and treat it in a plant to 
be erected. But deposit is small, 
and the profit will be only a small 
part of the company’s total. 


WEST GERMANY: investigating 
uranium resources. Sixteen indus- 
trial trusts, with the government a 
silent partner, have banded together 
in the German Association for Phys- 
ical Research, The unit, capitalized 
at $740,000, will survey known de- 


| 
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posits near the East German border 
and in the Bavarian forest to see if 
they can meet future requirements 
of 10,000 tons of natural uranium a 
year. Grants for physical research 
also will be made. 


UNITED STATES: increase process- 
ing plant capacity; new ration 
formed. AEC has amended a con- 
tract with Vanadium Corp. of 
America to increase capacity of its 
Naturita uranium processing plant 
in Colorado. It’s the seventh ex- 
pansion of Colorado Plateau facili- 
ties in less than eight months. 

Vitro Corp. of America and 
Rochester & Pittsburgh Coal Co. 
have formed a jointly-owned sub- 
sidiary, Vitro Minerals Corp. The 
new corporation will explore, drill 
and mine uranium claims held by 
the two campanies in Wyoming, 
Utah, and Canada. Jack O. Horton 
of Vitro Uranium Co, will be gen- 
eral manager of Vitro Minerals. 


News in Brief 


Nuclear power gets Franklin Institute attention. 
A major activity of the new heat and power re- 
search section of the Franklin Institute, Philadel- 
phia, will be study of power-reactor problems. 
F. L, Jackson heads the new section. 


Compiling eight-year isotope summary. AEC’s 
Isotopes Division has queried all users of radio- 
isotopes to gather data for a follow-up to the five- 
year summary of U. S. isotope distribution. Since 
the last publication, number of institutions receiv- 
ing shipments has tripled. 


VA needs radioisotope specialists. Civil-service 
jobs for biologists, biochemists and physicists are 
open in radioisotope units at Veterans Administra- 
tion centers throughout the country. Pay is as 
high as $9,600 a year; more data is supplied by 
U. S. Civil Service Commission, Washington 25. 


Harwell school fully booked to April. The isotope 
school at Britain’s Atomic Energy Research Estab- 
lishment, Harwell, is now accepting applications 
for its 27th and 28th courses. But these 4-week 
training periods don’t start until April 25 and June 
27. Latest alumni count for this techniques course 
was 329 from 29 countries. 


ORSORT adds tuition fee. Oak Ridge School of 
Reactor Technology will charge students sponsored 
by private industry or other agencies a tuition fee 
of about $2,500 starting with the 55-56 term. Pol- 
icy of no tuition continues for student employees of 


12 


ORNL, government employees, and employees of 
AEC cost-type contractors. Application deadline 
for course starting in fall is March 14. 


Making thulium units available for loan. Thulium 
sources and X-ray units (NU, May ‘54, p. 35)—20 
of each—will shortly be available from Argonne 
National Laboratory for development and testing. 
Qualified industrial firms and nonprofit groups can 
rent them for three-month periods. 


Australian school will build two reactors. The 
University of Sidney is planning two low-power 
reactors for training (in conjunction with post- 
graduate nuclear courses), isotope production and 
research. These will complement Australia’s 10,- 
000-kw power reactor now being planned. 


NBS establishes advisory committees. Over the 
past year, the National Bureau of Standards has set 
up 12 groups representing professional societies in- 
terested in its work. Radiation physics is being 
covered by a committee headed by F. Seitz of the 
U. of Illinois for the American Institute of Physics, 
with L. D. Marinelli as radiological consultant 


Israel, France cooperate on heavy-water research. 
The Weizmann Institute of Science’s department of 
isotope research in Israel has evolved a chemical 
process not requiring electricity for heavy-water 
manufacture. Pilot plant tests are under way, with 
parallel tests going on in France. The two coun- 
tries are also exchanging scientists on the program. 
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DONT TREAD ON Mt 


First Navy Jack, which unfurled the historic 

ning to the world in 1775—believed to 
have been first hoisted to the jackstaff of the 
ALFRED by one Lieut. John Paul Jones, 


war 
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naval history is being made today 


At 0955 on January 5th, one of the major events in naval aviation history took place 

It was the unveiling of the United States Navy's great new XP6M Sea Master - Ship 
No. | and prototype of an entirely new concept in military aircraft, 

As a component of a powerlul new arm of the naval arsenal —the Seaplane Striking 
Force —the Martin SeaMaster focuses national attention upon a revolutionary prin 
ciple of military strategy, known as the WBA* concept. Here’s why 

The SeaMaster is a highly versatile 4-jet waterbased aircraft, in the over 600 MPH 
class, which requires no fixed base and can operate from the seas, lakes and rivers, 
the coastal bays, lagoons and estuaries of the world... bases unlimited! 

Today the top-level talk is turning to WBA...and shown here is the reason, 


*WaterBbased Aucraft 
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Torture tests prove bualt-in safety 
of Solar “Mars” gas turbine engines 


THREE “LINES OF DEFENSE” assure absolute 
safety of every Solar “Mars” gas turbine 
engine. First, the governor holds the 
engine at ‘rated speed (36,400 rpm in the 
unit pictured above). Second, overspeed 
and overtemperature shutdowns take 
over if the normal control system should 
fail. Third, physical limitations mn the 
engine itself prevent ruinous overspeeds. 

This built-in safety was demon- 
strated in a special Solar torture test of 


Solar Mars 
Gas Turbine 
Engine 


the Mars. The engine was run up with 
no load and with all speed and tempera- 
ture controls disconnected. At 50,050 
rpm, speed leveled off because of design 
characteristics of the compressor and 
fuel system, and no damage to the power 
plant resulted. 

The 60 hp Mars is a remarkable, 
versatile prime mover. It weighs less 
than 100 Ib and is smaller than a two- 
foot cube. It is simple, rugged, and runs 
on a variety of fuels. 

Satisfied users are getting thousands 
of trouble-free hours of service from 
Mars gas turbine engines. Where will 
they fit in your business? 


ENGINEERS WANTED. Unlimited opportunities in 


Solar's expanding gas turbine program! Write today, 
giving your experience, to the address in coupon belou 


SOLAR 


AIRCRAFT COMPANY 


DESIGNERS, DEVELOPERS AND MANUFACTURE2S OF METAL ALLOY PRODUCTS 





This is What 

Solar Offers You 

Wes Solar specializes in the 
manufacture of precision 


products from alloys and 

special metals for severe serv- 

ice. Solar’s experience since 1927 is 
unduplicated in this field. Solar skills 
and facilities range from research, de- 
sign and development through to mass 
production. Wherever heat, corrosion 
or difficult specifications are prob- 
lems, Solar con help you solve them 


PLANTS. In San Diego (photo above) 
and Des Moines. A total of 1,400,000 
sq ft of floor space. Approximately 
5,000 employees. Annual sales over 
$65,000,000 


EQUIPMENT. Production equipment 
for all types of metal fabrication 

forming, machining, welding, braz- 
ing, casting, coating. Extensive lab 
oratory and testing equipment 
Facilities for development, prototype, 


limited or mass produc tion 


SERVICES. Research, design, devel 
opment, tooling and produc fion engt- 
neering staffs. Experienced with all 
alloy steels, stainless alloys, super 
alloys, and titanium and its alloys 
Government source inspection and 
Solar quality control meet rigid air 


craft and commercial standards 


CONTRACT PRODUCTION 


Current orders include aircraft en- 
gine and airframe parts, alloy cast- 
ings, pneumatic ducting, atomic 
energy components. Customers in- 
clude some of the most honored 
names among aircraft and industria! 
companies in the U.S. and Europe 


SPECIAL PRODUCTS 


Bellows. “Sola-Flex’’® 
bellows and expansion 
joints in many designs 
from % in. up to the 
world’s largest, 28 ft 


in diameter 


Gas Turbines. Solar “Mars” 50 hp 
engines for auxiliary generator sets, 
ground carts, portable fire pumps} 
Solar “Jupiter” 500 hp engines in 
variable and constant speed models 


Ceramic Coatings. “Solaramic’® 
is the Solar trade mark for a family 
of coatings that protects metals from 
heat, corrosion, galling and abrasion 


Centrols. Complete control systems 
utilizing the new Solar “Microjet”® 
principle for control of gas turbines, 
jet engines and pneumatic devices 


SN 


FURTHER INFORMATION 


| 
Your inquiry regarding any Solar | 
product or service will 
receive prompt attention. Address | 
Solar Aircraft Company | 
Department A-65 
San Diego 12, California 
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add 
two new features 
for 
Kinney Vacuum Pumps... 


controlled gas ballasting 


Kinney Pumps can now be equipped with the Kinney Controlled Gas Ballast valve .. . it 
prevents vapors from condensing within the pump . . . keeps oil clean for continuous operation. 
Kinney design controls the amount of gas ballasting air for maximum pump efficiency. 


fa Sent Rom -2e Mm Abed @- Ba neds] 


Kinney dynamic balance has reduced vibration on compound pumps to an acceptable 
amount for all practical purposes. These pumps are ideal for use on such applications as dollies 
and carts. 


Feature for feature, no other vacuum pumps can match Kinney. Bring us your vacuum 
problems. We have competent vacuum engineers in each of our district offices who will gladly 
help you. Contact one of our engineers or send the coupon for full details. 





KINNEY MFG. DIVISION 
THE WEW YORK AIR BRAKE COMPANY fy 
3614 WASHINGTON STREET + BOSTON 30 © ~“"(k) 


Please send Bulletin V54 describing the complete line of Kinney Vacuum Pumps. 





Name 
Company 
Address 
City 
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A BASIC INSTRUMENT FOR RADIOISOTOPE LA%S ... 


G-E Portable Probe Selectively Detects 


afy,and Thermal-neutron 


Scintillation Method of Detection Provides 
High Efficiency and Shorter Resolution Time. 


Now, with only one instrument, you can detect four 
types of radiation individually. The General Electric 
radiation probe provides this versatility in a light 
weight, portable instrument 

HIGH OVER-ALL EFFICIENCY, fast response time, and 
long life are provided by the use of a scintillation 
counter as the basic detecting unit. Output of the probe 
can be fed into any standard scaler 

FAST SCANNING is possible with the G-E portable 
probe because of its extreme sensitivity—about 25,000 
counts/min/mr/hr from radium gamma rays. 
FURTHER INFORMATION can be obtained by writing 
for bulletin GEA-5735, to General Electric, Section 
585-20, Schenectady, N. Y. 


Radiation 


SIMPLE TO CONVERT, the versatile G-E radiation probe can 
be quickly changed from an alpha detector to a beta, gamma, 
or thermal-neutron detector. Merely unscrew one cap and 


replace it with another. 


GENERAL @@ ELECTRIC 
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ee TO A SLOW START, the power reactor de- 
velopment program in this country is now 
in full swing. Five plants in various stages of 
design and construction will, when completed, 
do much to point the direction towards economic 
nuclear power. 

Although industry is making a major con- 
tribution in the role of contractor on several of 
the above government plants and has also begun 
to spend its own money, no industry-owned 
plants are yet being engineered. The reasons 
for this are quite clear. Industry has been 
operating for only five months under a law that 
makes it possible for the first time to own reac- 
tors. Straight dollars-and-cents risk on invest- 
ment in nuclear plants is high. But perhaps of 
overriding importance is the unavailability of 
adequate insurance coverage for reactors. 

Despite all this, several companies have been 
giving serious and detailed consideration to 
footing the bill 100% on the building of nuclear 
power plants. It seems probable that at least 
one will take the plunge in ’55. 

It is in this atmosphere that the Atomic En- 


ergy Commission has announced its “power 


demonstration reactor program’ (see p. 7) 
wherein AEC would select certain industry pro 
posals for financial support. The program has 


met mixed reaction in the industry. It is 
expected that some proposals will be submitted 


but that there will not be a rash of them. 


HY HAS THE PLAN gotten mixed reaction? 
Is it good for the industry? Below is our 
analysis of it. 
Credits: 
|. Promulgation of the plan shows a positive 
desire on the part of AEC to foster the develop- 
ment of a nuclear power industry. Broadening 
the base of activity beyond the AEC installations 
is sure to hasten the day of civilian nuclear power 
2. The plan could expedite what is perhaps the 


most important need—getting plants built and 
in operation so that experience and knowhow 
can be gained, 

Debits: 

1. There may be a tendency on part of some 
companies to delay serious consideration of 


“going it alone’ without government help 


This could hurt both progress and the taxpayer 
2. Early date for receipt of proposals (April 1) 


Balance Sheet 


Jerome D. Luntz, Editor 


may prevent some groups from getting in on 
the show and others from being able to come 
through with 

3. Price schedule for AEC purchase of fission- 


‘quality”’ proposals 


able material and types of proposals accepted 
may influence course of technical developments, 
e.g., whether or not a plant is optimized for 
plutonium or power production, discouragement 
of advanced designs, ete. 

+. “Assurance of completion” criterion may 
also deter advanced thinking. 


— ENDATIONS: 


To AEC 

1. Give greatest preference to those proposals 
that will advance the art most. 

2. At the same time, try to avoid forcing the 
technology in any particular direction. Do not 
Let the industry 
take the basic responsibility for setting its paths 

3. Be flexible on date. 
one proposal on April | and as many others as 
But let it be 
known in advance that this policy exists 


favor certain types of designs 
Perhaps accept only 
budget permits six months later. 


1. Do not take small response from industry 
as meaning industry is abdicating its interest in 
the field. 
try is facing and keep the offer an open one 
Also, make it clear to industry that applications 
for 104b licenses need not fall under this program 


Rather recognize the problems indus- 


and that uranium availability need not be a 
limitation on number of licenses issued 
To industry 

1. In proposals to be submitted, place greatest 
emphasis on advancement of art rather than on 
minimizing amount of financial support to be 
requested. 

2. Make your 
resolution of plant insurance problem so as to 


proposals contingent upon 
hasten Federal examination of such needs 

3. Because AEC has not yet set fuel recovery 
charges, industry should weigh desirability of 
submitting chemical processing plant plan as 
part of power reactor proposal. 

1. Don’t lose 


private investment in plants. 


sight of benefits of 100% 

Once again it is clear that an industry-govern- 
ment partnership will be necessary in the atomic 
energy field for at least the next several years 
Progressive thinking on the part of both partners 


is vital. 
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Reactor Control-Rod Theories 


Control achieved by 
fuel removol 
of absorber rod 
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Control-rod:core arrangements 


FIG, 1. 














An examination of the physical assumptions on which two popular control-rod theories 
are based suggests a more logical theory that better predicts the reactivity effects 


IN THE DESIGN of small! nuclear reactors 
that operate at high neutron-flux levels 
the transient concentration of certain 
fission-product poisons makes it neces 
sary to provide large reactivity control] 
by neutron-absorbing rods (J hur 
ther, if the reactor is initially heavily 
loaded with fuel to accommodate 
subsequent burnup 
balanced by 


cess reactivity must be 


strongly absorbing elements. Such 


control rods may constitute an ap- 
preciable volume of the reactor and 
play a more important role in deter- 
mining the neutron balance than in 
heterogeneous 


Brook- 


large natural-uranium 


reactors of the Oak Ridge or 
haven type 


Figure 1 shows 
18 


Aa it W ol the possible 


the resulting ex- 


By RAYMOND L. MURRAY and JOHN W. NIESTLIE 


Department of Physics, North Carolina State College, 


physical arrangements of control rods 
inareactor core. The reactivity value 
of each of these arrangements is deter- 
mined from the critical conditions in 
the fully inserted and fully withdrawn 
differences be 
the 


tions made regarding the nature of the 


configurations. Since 


tween theories hinge on assump 


fast flux in the vicinity of a rod, prin 


cipal attention will be directed toward 


the simplest case—a cylindrical ab 


sorbing element located on the central 
assembly 


axis of a cylindrical 


fissionable material as shown in Fig. 2 
Theories 

Two-group diffusion theory (2) forms 
the basis for deriving critical dimen- 


sions of a reactor with a control rod 


Rale igh, N.C, 


The conventional group equations for 


the reactor core are 


Di: V*o, Zid: +- kX .b2 
DwV*o2 — X2b2 + Zid: 


In cylindrical coordinates, the most 
general solutions for the fast flux ¢, 
and the thermal flux @2 in a cylinder of 
finite height H are 
o=X+Y (3) 
od: = SiX + SiY (4) 


where, in terms of the ordinary and 


modified Bessel functions 


XxX AJ our) + BY our) 
) Clol(vr) + ERK o( v1 


Here yu* + (7/H)* and —v? + (w/H)? 


are the roots of the buckling B* in 
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condition (1 + 
= k, and S,; and S, are 
The flux 


and the 


the compatibility 
B*L*)(1 + B*r) 
the coupling coefficients. 
coefficients A, B, C and E 
critical dimensions (or core composi- 
tion) are next determined by the ap- 
plication of boundary conditions on the 
fluxes. For a cylindrical multiplying 
medium without reflector, the require- 
that @, and @» vanish at the 
extrapolated boundary R 
yields relations between two sets of 
coefficients: B/A = —Jo(uR)/Yo(uR) 
and £/C To(vR)/Ko(vR). 

At this point in the analysis the 


ment 
external 


differences between methods appear. 
The assumption regarding the bound- 
ary condition to be applied to the fast 
flux @,; in the vicinity of the control 


rod is the distinguishing feature. 


1. Fast Flux Finite at r = O 


In Method 1, the one most widely 
used (3), it is assumed that the fast 
flux 
despite the singularities in the fune- 
tions VY» and Ko. Noting that the 
limit of the ratio Yo(ur)/Ko(yr) as r 
appre aches zero is —2/m, one makes a 
choice of the ratio B/E = w/2. The 
contribution of the terms 
vanishes at the origin, while terms in- 


must remain finite everywhere, 


singular 


volving J» and J» remain finite. 
Finally, assuming the rod to be 
black to thermal neutrons, one sets the 
core flux equal to zero at the extra- 
polated radius b, which is smaller by a 
distance of the order of 0.71A, than the 
actual rod radius a. The critical con- 
dition derived from the equations for 
the arbitrary coefficients is 
S. 
J o(ub — [o(vb) 
S; 
J o(uh) 0 
0 To(vh) 
o(ub) + she Ko(vb)| = 0 
x Sy 


Y o(ult) 


2 
Ko(eR) 

T 
The third may be divided by 
To(vR). Since the ratio Ko/Io is very 
emall in comparison with the other 
terms in the third column for vR > 1, 
and the cofactors of Ko and J» are of 


the same order of magnitude, Eq. 7 


row 


can be approximated accurately by the 
working formula 
J o(uR) 
Y o(uh) 


J of pb) 


Ss 
* Kol vb) 
S 


2 


9 
Y o(ub) + 
T 
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The flux distributions can be formed 
from Eqs. 3-6 using arbitrary coeffi- 
ments 

A M/y C 

B VU E = 1 


where wy 
Ko(vR)/To 


(9) 


Jo(uR)/VYo(uR) and x = 
vR). For Method 1 


M w/2 (10) 


Figure 3 shows an example of fluxes 
caleulated by Method 1 using Eqs. 9 
10 for a bare cylindrical reactor 
containing [ and water. 
The such that p= 
0.09188, » = 1.1140, S; = 0.11634 and 
S, = —13.780. The 
with a control rod of radius 4.39 cm is 
found from Eq. 8 to be 33.68 em. 

Two features of Fig. 3 are notable: 
(a) the fast flux goes strongly negative 
until a short distance from the 
origin, after which it rises sharply to 
its required finite value; (b) the slope 
of the fast flux at the rod surface is 
positive, which suggests a strong fast- 
It is ap- 

has no 


and 
235 metal, 
composition is 


critical radius 


very 


neutron current into the rod. 
that current 
physical meaning, since the rod was 


parent such a 
not assumed to have any absorption 
for fast neutrons. For this example, 
the slope of the fast flux is such that it 
extrapolates to zero at a distance 
4.0 em within the rod, although the 
curve goes to zero at 2.7 em from the 


boundary. 


2. Flat Fast Flux atr = a 
Method 2 is based on no absorption or 
moderation of fast neutrons in control- 

















Reflector 


FIG. 2. Cylindrical reactor with central 
control rod 


rod materials, It is assumed (4) that 
the slope of the fast flux @,’ is zero at 
the rod surface, at radius a, The con- 
dition on flux that 
o2/bs' = ds», the thermal extrapolation 
distance. 


thermal at a is 


To simplify the analysis, 
the following approximations are made; 
Jo(ua) ™ 1, Ji(ua) ~ 0, Io(va) ~ 1 
and J,(va) ~0 If very 
small, these evidently are admissible, 
A critical 
Eqs. 1-6. 
Method 2 is 


the rod is 


condition is derived from 


The working formula of 


Jo(uR ) 
Yo(uk ) 


Su) (mua) | 5 
- = Ko(va) 
SwK (va) 


| Y o(ua) ; dsY \(ya) 


+ vdoK (va) 


eset | 11) 
{ 
To(vR) 


For many reactors, the ratio Ko(vR)/ 
To(vR) is completely negligible, and the 
functions dependent on rod and reactor 
radii are separated.* The coefficients 
of the flux distributions of Method 2 
also are given by Eq. 9, except that 
Mo = (12) 
wY ,(ua) 
where, again, approximations related 
to rod size are made. Yormally, the 
fluxes become infinite at the origin. 
The critical condition Eq. 11 was ap- 
plied to the example reactor, assuming 
the same fuel loading and composition 
as before. The critical core radius was 
found to be 26.52 cm, much smaller 
than by Method 1. In fact, it is al- 
most equal to the radius of core without 
any control rod, 2.405/n = 26.17 em. 
Figure 4 shows the fast and thermal 
fluxes for this system, based on Kiq. 12 
The fast flux does not have zero slope 
at the rod surface, as was specified in 
the derivation, The 
suggests a strong fast-neutron source 
within the This 
readily can be shown to be due to the 


negative slope 


rod, discrepancy 
approximations of small rod size that 
actually are not met for a 4.39-cm- 
radius Examination of 
the results calculated by Methods | 
and 2 shows good correlation between 
the calculated slope of the fast flux and 
the efficacy of the control rod. 


control rod, 


From a 
physical standpoint, there is a clear 
implication that the true degree of at- 
tenuation of the fast group in the rod is 


that »wVi(pa) 
close to 2Z/* as 


*It should be noted 
*Ki(va) may not be 


suggested in ref. (4) 
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FIG. 3. Flux distributions by Method | 
Fast flux rises to 1.9 at r 0 


important in determining the effect of 
a control rod on reactivit 


3. General Method 


Development of a general method 


involves correct fast-flux 


boundary conditions. A 


ABBUIMINE 
suitable de 


scription of the fast flux at the rod 


surface requires that cognizance be 


taken of possible designs Several ar 
rangements are practicable: (a) a solid 
rod composed of cadmium or its alloy 
with another metal, a boron compound 
or a boron-impregnated metal; (b) a 
hollow tube or one filled with an ele 
ment of low moderating ability; (c) an 
absorbing cylindrical shell that con 
tains moderating material 

The fast flux will be es 


if the rod is hollow or if the rod consists 


sentially flat 


of metal of high atomic weight, since 
the moderation and attenuation of fast 
neutrons will be smal! However, if 
the rod is composed of boron carbide 
or is filled with water, there will be an 
appreciable amount of energy loss in 
the rod region, which would correspond 
to a certain amount ef fast leakage into 
it. No fast neutrons 
rod, assuming it is devoid of fissionable 
material, The 


effects can be described by treating the 


are formed in the 


magnitude of uch 
control rod as a separate medium that 
has the effect of an reflector 
for fast neutrons. If the rod is a solid 
strong absorber, it 
thermal flux; howe 
fast neutrons can caus¢ 


20 


internal 
can ustain no 
ver, energy loss ol 


a build-up of 


FIG. 4. Flux distributions by Method 2 


thermal neutrons in a moderator-filled 
absor bing shell. 

The appropriate differential equa- 
tion for the fast group in such a contro! 
cylinder is 


Dy V*dby(r,z) — LZydb,(r,z) = 0 


>, is identified with the 
If the axial flux 
in a finite cylinder of height H is given 
the ra- 
dially dependent flux can be shown to 


The ratio D,, 
age r, of the medium 
cos (wz/H), 


by the function 


be given by 
V*o,(r) 


where 


Kir® 
The regular solution is 
o:,/(r) FL o(eyr (13 


where F, is an arbitrary coefficient 
The equations of continuity of fast flux 
and current across the boundary sepa 


rating rod r and core ¢ are 


;,(a) @;,(a) 
Dy, ,'(a) Dd, (a 14 


An effective fast extrapolation length 

equal to the ratio of the flux to its 

slope at the rod boundary can be de- 
rived from Eqs. 13 and 14 

¢;,(a) Dy Iolry . 

d, 15 
i.’ (a) Dy, mil x 

If the control rod of the example re- 

actor used in the previous calculations 

filled with water of 


were age T 


31.4 em?, then d, would be 11.4 em, 
lying between the assumed infinity for 
Method 2 and the apparent 4 cm ac- 
cording to Method 1. 

The extrapolation distance for the 
thermal group is readily obtained from 
Fig. 5’s graph of d./d, as a function of 
a/ Az 


mean free path (4). 


where , is the core transport 
Formulas for the critical condition 
and flux distribution are derived in the 
following sections for the general case 
of finite extrapolation distances for 
both fast and thermal fluxes, with only 
can be 


such approximations as com- 


pletely justified. Convenient calcula- 


tion relations are provided. 


Bare Reactor 
The fluxes that satisfy the coupled 
two-group Eqs. | and 2 are taken again 
to be of the form given by Eqs. 3-6: 
a X + Y, db: SiX + S.Y, where 
xX AJ (ur) + BYolur) and } 
CIo(vr) + EKol(vr). The 


that the fluxes go to zero at the extrap- 


condition 


olated boundary of the core requires 
that 
X(R 0 16) 
Y(R 0 (17) 


The fluxes are assumed to extrapolate 
rod at distances d, 


that (a) ; (a) d, 
a)/@ ‘(a) d or 


to zero within the 
and d 


and re) 


such 


(18) 
0 
19 


the actual 
The distance d, is deter- 
The critical 


where the evaluation is at 
rod radius a, 
mined by use of Eq. 15 


determinant 


Jo(uhk 
0 











O/rs 





FIG. 5. Thermal extrapolation length for 
black control cylinder 
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can be formed from the coefficients 
of A, B, C and E£ in the four simul- 
taneous Eqs. 16, 17, 18, 19. 


tion 20 


In Equa- 


J o({ ua) 


; + pods (a) 


Y o( a) ‘ 
+ wY (pa) 


- pl ,(va) 


K o( va) 


; + vKy(va) 


Jx(ua)| 
Paget Poe 


{ ¥o(ua) 
a 
| [ o(va) 
| d: 
| K (va) 
| ds 


0, and noting that a3, a4; 


S, + wY (ua) 


S» - ebi(va) | 


S. + PK (v0) (21) 
Setting A 

and Ko(vR) 
To(vR) for 
relation for a bare reactor by Method 3 


are much less than 


most reactors, the critical 


may be simplified to 


J o(uR) 
Y o(uR) n 


43\6 — A4\6 
y 3104 14i4a4 (22) 


Ag2044 — Aqsa 


side, rod 


The 


radius a, is a slowly varying function of 


right dependent on 
fuel loading; the left side is a rapidly 
but that is 
Graphical meth- 


varying function, one 


quickly 


ods of solving for the unknown quan- 


computed. 


tities are recommended, 

The flux distributions for the core of 
the bare reactor by Method 3 can be 
formed from Kq. 9, but with 


M —- (23) 
axi/Y — ds. 

The thermal flux within the rod can 
be evaluated by considering the rod as 
The radial fast 
flux is given by Eq. 13. The radially 
dependent thermal! flux is the solution 


1 central reflector. 


of the inhomogeneous equation 
= 


Vb», by -—— =0 
¢ bu + bw 7 


where Xo, 1/Lo,? + (#/H)*. By 


standard methods (2), the solution is 


ri) GT ol ear) + Sa Tolayr) (24) 


where F, is the 
¢:-(a). Applying the extrap- 
olation condition o,(a)/@2,'(a) = —d:, 
t is found that 

G F, —Ss{doril (ua) + 1 o(x,,a))/ 
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fixed by condition 


@i,(a) 
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FIG. 6. Flux distributions by the general 
Method 3, for hollow shell of material black 
to thermal neutrons 


[dororl (xo) + To(mera)] (25) 


The critical Eq. 22 was applied to 
the example reactor, for two cases. 
For a hollow shell, with fast-flux slope 
«), the 
critical core radius was found to be 
27.80 cm. For ashell filled with water 
of age 31.4 cm? (d,; = 11.4 em), the 
critical 31.10 em. The 
effect of the sink of fast neutrons in the 
rod is to increase the reactivity value 
of the rod 
flux distributions for these two systems 


zero at the rod surface (d; = 


radius was 


Figures 6 and 7 show the 


using Eqs. 23 and 3-6, 

The slope of the fast flux is zero in 
the case of the hollow tube, Fig. 6, in 
accord The 
tinuation of the fast-flux curve within 


with assumption. con- 
the water core of the rod in Fig. 7 is 
while the thermal 
The 


inside the ab- 


based on Eq. 12 
flux is given by Eqs. 24 and 25. 
the flux 
sorbing shell is due to the thermaliza- 


high value of 


tion of the fast neutrons that flow into 
the rod from the core proper. 


Reflected Reactor 

The extension of the general method 
to the reflected 
volves: (a) solution of the two-group 


infinitely reactor in- 
reflector equations; and (b) application 
of a condition of continuity of fluxes 
the radius R, 


equations supplement Eqgs. 


and currents af core 


Four new 


16 and 17 


X +4 
SiX + 8, 


FZ, 
GZi + SFZ, 


FIG. 7. Flux distributions by the general 
Method 3, for water-filled shell of material 
black to thermal neutrons 


ae eo 
y’ = D,, "4 
Dy (GZ,! + S;FZ,') 
dD 


be 


X’ + (26) 


S8,X’ + S,Y’ 


where the notation is conventional (2). 
Abbreviations are defined: X; = Jo(ur) 
X, = Yo(ur), Y, Io(vr), Y,; = 
Ko(vr). The determinantal 


equation becomes 


critical 


|X, X 
1SiX, SiX, SY 
ee 7 Re 
SiX,' SiXy SY, 


| day 2 aly 


Y, 


! 


| aa) : es 


Db 
0 0 
0 0 


where the a’s are the same as those de- 
fined for the bare reactor. The equa- 
tion can be simplified by the following 
(a) dividing columns 1, 2, 5 and 
6 of the determinant Xi, 
1 Z,, and Z.;(b) setting the first 
four terms in column 4 equal to zero, 
in view of the Ko(vR) 
and K,(vR); (c) setting the last two 


steps 


in order by 


small size of 
terms of column 3 equal to zero because 
of the large Io(vR) 
1,(vR); (d) dividing columns 3 and 4 by 
To(vR) and Ko(vR) respectively. After 
the condition 
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values of and 


rearrangement, critical 
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FIG. 8. 
trol rods 


by Method 3 is 
az=a’ + lWla)/ViR 


where 


Si (pry >) 
S,(p8 p 6) 
. Sap,(6 y 

dD, 
dD, 
Dy 
Dz 
ly) 

(a) sida 
Ages 
J (uh) 


v(R) Y o(ul) 


and 


> 
2R Rube 


Mor K \ (oH) 
K o( xo,R 
| 


2R Rx, le 


The approximate expressions for 8, 4 
and 6 are very accurate for the radii 
and 


compositions of many reactors 


Experimental and calculated reactivity values of central con- 


The right side of Eq 
sensitive to variations of fuel concen 
tration of the 
Thus, 


often are possible with only one trial 


core, which expedites 


iteration. accurate solutions 
choice of size or loading 

It should be noted that the formula 
for the reflected reactor with contro! 
rod reduces to one conveniently ap 
plicable to a reactor with no rod. 
Upon setting p(a) 


to 


0, keq. 28 reduces 


a a (29 


This 


serves as a substitute for 


for no control rod relation 
solving the 
usual determinantal equation for a re- 
flected core (2). In practice, it may be 
sufficient to evaluate the side reflector 
savings for a reactor without a central! 
rod and to perform all calculations for a 
bare equivalent cylinder, 

To illustrate, Eqs. 28 and 29 were 
used in calculating the example reactor 
Without a water-filled control] rod, the 
calculation yields a 26.17 cm radius foi 
the bare cylinder and 21.58 em for the 
side-reflected cylinder—a 
With the rod, the 


cylinder is calculated as 31.10 em, the 


Saving ol 
1.59 em bare 
side-veflected cylinder’s radius is 26.49 


ema saving of 4.61 cm 


Comparison With Experiment 
To test the method for 
evaluating control-rod worth, calcula 


general 


tions were made for a configuration for 
which experiments have been reported 
by R. O. Brittan et al of Argonne Na 
tional Laboratory. These critical ex 
periments were performed on wate! 
reflected MTR-type 


water-moderated 


29 is quite in- 


Without a control rod, 


height of the 


assemblies 

the critical 26.3-cm- 
radius cylindrical core was determined 
to be 35.4 


height were obtained for rods having 


em. Measurements of 
an absorbing shell with either a remov- 
able aluminum metal core or a water 
core 
The 


sisted of 


computation procedure con- 
a) evaluation of group con- 
stants for the assembly and calculation 
f the end and radial reflector savings 


latter were obtained by solving the 
problem of the side-reflected cylinder) ; 
b) application of the several theories 
to the equivalent bare reactor, using 
the same fuel concentration and end 
found in the first 


reflector savings as 


step; (c) calculation of the reactivity 


value of the control rod from the criti- 


cal multiplication factors with and 
without a rod 

Figure 8 shows the experimental data 
and calculated curves of reactivity 
Methods | and 
Method 3 for a 


and with no core 


versus rod diameter by 


) 


2, and by water core 
Several trends can 
be noted. Method | appears to over- 
estimate the reactivity effect for large 
ods, while Method 
the effect. Method 


tinguish the reactivity 


2 underestimates 
3 is able to dis- 
values of rods 
with water cores and with metal cores 
and to reproduce experimental results 
with reasonable accuracy. Compari- 
son of experimental results with the 
limiting no-moderation solution indi- 
that 


amount of moderation in the aluminum 


cates there is a_ perceptible 


in the rod’s core 

Since actual reactivity effects of con- 
trol rods in a reactor are strongly de- 
pendent on rod radius, it is concluded 
that use of the less rigorous methods 
may lead to serious over- or under- 
estimates of the degree of reactor con- 
trol. Similar conclusions can be drawn 
regarding the effects of multiple off-cen- 
ter control rods. The general method 
provides greater accuracy. 

> > > 


Suggestions made by members of the 
staff of Oak Ridge 


cognized gratefully 


National Laboratory are 
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Scintillation Counting 
for Multiple-Tracer Stu 


Well counters provide a simple 
method for measuring two or more 
radioisotopes in a liquid sample. 
In a Nal(TI) counter, Cr’ and Fe” 
-rays are separated by pulse-height 
discrimination. K**-Na™ samples 
require Nal(TI) and plastic 
scintillator wells; latter counts K** 


;-rays but has low 7-ray sensitivity 


By G. J. HINE, B. A. BURROWS, L. APT, 
M. POLLYCOVE, J. F. ROSS, and L. A. SARKES 


Radioisotope Unit, Veterans Administration Hospital FIG. 1. Pulse-energy spectra and counting rates of Cr®' and Fe°’ 
Hoaton Vas sachusells y-rays in Nal(Ti) well 


CLINICAL INVESTIGATION, it is fre- recently (1—3)." If the B- and y-ray of the two radioisotopes differ widely 
ently advantageous to carry out energies of the radioisotope pair within the time factor can be used for this 
re than one tracer experiment at the a given sample are similar, it is difficult differentiation. If the energies of their 
etime. Various techniques forthe or even impossible to determine the per §- and y-ray emissions differ suffi 
iltaneous use of two radioactive cent abundance of each radioisotope at ciently, the mixed isotopes can be differ 
elements have been described one time However, if the half-lives entially counted by using detection 
instruments with varying absorption 


characteristics or sensitivities 





TABLE 1-Characteristics of Radioisotope Pairs The scintillation counter technique 
described here employing one or two 


kinds of scintillation phosphors, can be 
Varimum S-ray energies -ray energies 


Half-life (Mer Ver) applied to a great number of radio- 
isotope pairs or possibly to more than 

16.3 davs 1.560 (0 3° M1 (2.8 two radioactive elements mixed within 
0.462 (53.9% 098 (56.7° one sample. The use of  well-type 

0.271 (45.8% 289 (43%) scintillation counters with practically 

Root tr geometry requires only one 3-m! 
75 days K-capture, no #-ray emi 32 (8%) 

, liquid sample for each determination 

2.44 hr 3.58 (80% 51 (20%) Sample size may be significant in clini- 
2.04 (20%) cal studies if multiple blood samples are 


5 Obr 1.39 (100% 380 (100%) required, Furthermore, the multiple- 
758 (100%) ‘acer experiments can be conducted 


with so little radioactivity that the 
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FIG. 2. Arrangement for simultaneously measuring sample's total number of pulses in 
Nal(Ti) well and fraction of high-energy pulses produced by one radioisotope in mixture 


dose to the patient may be reduced. 

Two pairs of radioisotopes have been 
studied in particula Cr®! 
are useful in observing the rates of 
erythrocyte (red blood cell) production 
and destruction in the same patient. 
Na” and K* allow. the simultaneous 
determination of the 
sodium and 


The 


S59 
Fe” and 


exchangeable 
potassium content in a 


medical observations 


patient. 
will be described elsewhere 

For these two pairs of radioisotopes, 
the half-lives, the energies of their 6- 
and y-radiation, and their percentages 


per disintegration are given in Table | 
It is evident that in both cases no effi- 
cient separation can be obtained on the 
basis of differences in half-lives 


Assay of Cr’’ and Fe’’ 


For practical purposes, Cr which 
decays by K-capture, has to be counted 
by its y-ray emission. Since one y-ray 
is emitted in only 8% of all disintegra 
tions, the most efficient y-ray detector 
has to be used. Because of the photo 
electric absorption of low-energy y-rays 
the Nal(TI) scintillation counter has a 
high efficiency for the Cy 
The high-energy Fe 
much less effectively 
Nal(Tl) well counter of standard size 
” y-rays 
more than three times the energy of 
the Cr®™ y-rays, the scintillation pulses 


* Y-rays 
Y-Trayvs are 
absorbed in a 


However, since the Fe have 


from Fe" are distributed over a much 
wider energy range than those produced 
by the Cr" y-rays 

This is shown in two different ways 
in Fig. 1. 


24 


The differential-pulse-energy 


spectra show the pulse-height distribu- 
tion obtained by photoelectric absorp 
tion and Compton interaction of the 
Cr® and Fe” y-rays in the NalI(TI) 

The the 
represent counting 


areas under two 
the total 


rates of the two samples 


crystal, 
curves 


The insert in Fig. | shows the integral 
discriminator curves for the two y-ray 
emitters. The counting rates for Cr 
and Fe’ have been normalized to 100% 
for 15-volt discrimination, i.e., when 
all pulses greater than 15 volts are 
counted, By increasing the discrimi- 
nator bias, the Cr®' counting rate de- 
creases much more rapidly than that of 
Fe®. When the Cr® pulses are no 
longer registered, the Fe** 


rate has dropped to 60% of the total. 


counting 


Therefore, by using an appropriate 
bias setting, it is possible to determine 


* content of samples in- 


the relative Fe® 
dependently of their Cr® content. 

By counting the same sample at a 
low discriminator setting (15 volts), 
the Cr® content of a mixed sample can 
be determined. The counting rate due 
to Fe y-rays at the low discriminator 
setting is obtained from the previous 
reading at the high setting. The ratio 
of the Fe” counting rates at the two 
discriminator settings can be measured 
with a strong Fe 


source 


accurately 


containing no Cr*', For example, for 


Counting rate at dise. 15 100 


1.66 
Counting rate at disc. 40 60 


By multiplying all counting rates ob- 


tained with 40-volt discrimination by 


the factor 1.66, the counting rate due 
to the Fe®* y-rays at the low discrimi- 
nation can be determined. Any addi- 
tional counts measured in a mixed sam- 
ple must be due to the Cr™ y-rays. It 
is convenient to obtain the two count- 
ing rates simultaneously by using one 
linear amplifier and two scaling circuits 
as shown in Fig. 2. 
It is obvious that in each case the 


“net”? counting rate has been deter- 
mined by subtracting the background 
counting rate, which also changes with 


the discriminator setting. 


Assay of K** and Na” 

the Na** y-rays has 
nearly twice the energy of the K* 
it should be possible 


Since one ol 

y-rays (Table 1), 
to apply the previously described tech- 
nique for their assay. However, the 
Na*4 


absorbed by Compton interaction pro- 


high-energy y-rays are mainly 
ducing a continuous spectrum of rather 
low-energy pulses (Fig. 3). By com- 
paring the two pulse-energy spectra of 
the K* and Na** 


about 


y-rays, it becomes 
obvious that 90% of the Na** 
pulses would be lost when all the K* 
pulses are excluded by discrimination. 
The remaining counting rate is so low 
that for practical purposes no satisfac- 
tory results can be obtained by this 
method. 

If a mixed sample of K* and Na** is 
Nal (T1)-well 
counter, which is sensitive to the y-radi- 
the Na** is 
favored strongly —Na*™ emits ten times 
K* 


Furthermore, by select- 


placed in a scintillation 


ation only detection of 


as many ‘y-rays per microcurie as 
(see Table 1). 
ing an adequate discriminator bias, this 
ratio can be increased by a factor of 
2-3 without reducing the counting rate 
The Nal(T]) scintillation 
counter is an efficient detector for Na*, 


excessively 


but the problem remains to find an 
equally efficient detector for K* 

the maximum §-ray 
Na** (Table 1), 


considerable 


By comparing 
energies of K*® and 
it seems possible that a 
the K* 


through an absorber 


fraction of B-rays will pass 
thick enough to 
Na*™ 6-rays. A 


system of this kind, employing a “‘dip- 


absorb most of the 
counter,’”’ has been suggested recently 
y) However, the large amount of 
sample required precludes its use for 
K* 


serum samples in human studies 


measuring content of multiple 


It seems advantageous to measure 
the K* 8-rays with the same 3-ml sam- 
ple that used to count the 


has been 
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For this purpose a well- 
type scintillation counter was developed 
that is relatively insensitive to the Na*4 
y-rays but counts those K® 6-rays that 
escape from the liquid sample. As 


Nia 24 
a*" Y-Tays. 


scintillating material, a plastic phos- 
phor* is employed. 

The 3-ml sample is placed in a 10-ml 
Lusteroid test tube to reduce the ab- 
sorption of the K*® B-rays. The test 
tube has a 0.5-in. diameter and only a 
small fraction of Na** B-rays emitted 
near the wall of the plastic test tube 
the 
An additional absorber has to be em- 


can enter scintillation counter. 
ployed when this kind of sample is 
placed into the NalI(T1) well counter to 
eliminate the K* 8-rays.) 

In the plastic-well scintillation coun- 
ter, the counting rate per microcurie of 
K.*? is at least twice that of Na**. This 
ratio, however, can be increased as dis- 
cussed later. The plastic-well scintil- 
lation counter has proved to be a suffi- 
ciently sensitive detector for K* in the 
presence of Na*4, 

Evaluation of sample measurements. 
The counting rate of a given sample 
containing a mixture of Na™ and K*® 
will be called C, forthe NaI(T1) counter 
and C, for the plastic scintillator. A 
pure Na*‘ standard will have counting 
rates n; and nz in the two counters, and 
a pure K® standard, counting rates k, 
andk, The sensitivity of the Nal(T1) 
counter to Na” will generally be greater 
than that of the plastic scintillator; 
For K*, the plastic 
scintillator is the more sensitive one; 
therefore, k, > ky. Thus, the relative 
sensitivities of the two systems for 


Na** and K*® are 


therefore, n; > no. 


V = n,/n,; < land K = k,/k, < 1 


The two counting rates of the mixed 


sample can be expressed as 


C, =X + khyY 
Cy = noX + khrY 


where X and Y are the unknown 
amounts of Na** and K* present in the 
sample, both expressed as a fraction of 
their respective standards. Since X 
and Y are the only unknowns in the 
two equations, they can be solved 
easily, 
mX + kKY 
'o = nNX + ki Y 
C, — KCs C: — NC, 
. NK) % kl — NK) 


n(1 


* Pilot Scintillator B, Pilot Chemicals, 


Inc., Waltham, Mass. 
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FIG. 3. Spectra of K** and Na* 7-rays 
in Nal(Ti) crystal 


If the NalI(Tl) counter were insensi- 
tive to K*, k, would be zero and there- 
foreK = 0. From the above equation 
it would follow X = C,/n,, which is 
the Na**-sample counting rate divided 
by the counting rate of the standard. 

In actual practice, the relative con- 
tribution of Na** and K*® to the com- 
bined sample count depends on the size 
of the dose of each isotope and the 
biological sample that is obtained. 

By using strong standard solutions, 
the ratio of the counting sensitivities 
N and K can be accurately determined. 
They depend on sample size, dimen- 
sions of the two scintillation counters, 
pulse amplification, and discriminator 
choice. For a given set-up they are 
constant and will not change with the 
decay of the samples. Appropriate de- 
cay corrections have to be applied to 
the observed counting rates of samples 
and standards. 

Gamma-ray sensitivity of Nal(Tl) 
and plastic-well counters. Measure- 
ments have been taken with a “ 
ard” Nal(T!) well scintillation crystal t 
of 134-in. diameter, 2-in. height. The 
inside of the well is 5¢-in. in diameter 


stand- 


and 1!¢ in. deep. The dimensions of 
the plastic-phosphor-well counter were 
about the same as those of the NaI(T1) 
The well surface of 
the plastic phosphor was covered with 
black Scotch tape as a thin light shield 

The production of secondary elec- 
trons by the K* and Na* y-rays paas- 
ing through the scintillator walls could 
be calculated accurately if their path 
On the other 
hand, it is difficult to measure the total 


crystal interior 


lengths were known. 
number of pulses produced by a cali- 


+t Harshaw Chemical Co., Cleveland 6, 


Ohio 


TABLE 2—-Counting Efficiencies for 
3-ml Sample in Well-Type Scintillation 
Counter 


Efficiency (% /disintegration) 
Val (Tl) Plastic 


Isotope prays y-rays p-rays y-rays 


Na* 10% 7% 13 % 
K* 4% 30% 1% 





brated sample, since a certain fraction 
of low-energy pulses will not be de- 
tected. 
experimental data, the sensitivity of 
the Nal(Tl) well counter per y-ray 
from either K* or Na*™ was about 20%, 
This corresponds to nearly 49 geometry 


By comparing calculated and 


and an average path length in Nal of 
2 cm for the high-energy y-rays. 

For the plastic scintillator, the y-ray 
sensitivity was about one third that of 
Nal(Tl). This is mainly due to a 
difference in density that 
unity for the plastic and 3.67 for Nal. 

In Table 2, 


counting efficiencies (per cent pulses 


is close to 
the approximate y-ray 
per disintegration) are given, Since 
Na*™ emits two y-rays per disintegra- 
tion, the y-ray counting efficiency in 
the plastic phosphor is still rather high. 
It can be further reduced by using a 
plastic well scintillator with thinner 
walls. 

The f-ray efficiency of the plastic 
phosphor is unity, since all §-rays that 
The actual per 
the 


enter it are counted 


cent of all B-rays that get into 


plastic depends on the sample volume 


and shape and on the amount of ab- 


between sample and plastic 


The data given in Table 2 


sorber 
phosphor. 
for the B-ray efficiencies have been ob- 
tained with the 3-ml sample in the 
test tube and a layer of 
Scotch tape of approximately 25-mg 
em?* thickness. It 
Table 2 that the plastic scintillator is 
rather efficient for K* while the Nal(TI) 
counter is very efficient for Na™ 


Lusteroid 


can be seen from 
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Part Il of “‘The Meaning of the New Atomic Law” 





Licensing Nuclear Facilities 


Mr. Cole examines the legislative frame upon 
which he believes an atomic industry can be 
built. Most of the discussion is based on the 


following provisions of chapter 10 of the law: 


See, ’ ACENSI LOUIRED iali be uniawful, except as provided in section 
“See, 101, La R It shall / l i led t 

or an person wmithin | he nilec ates £0 lransjer or receive in intersiale commerce 
91, f vf thin the United States tot f terstat 
manufacture, produce, transfer, acquire, posse import, or export any utilization or 
production facility except under and in accordance with a license issued by the Commis- 
sion pursuant to section 103 and 104 


“Sec, 102. FinpinG or PracricaAL VALur Whenever the Commission has made 
4 finding in writing that any type of utilization or production facility has been suffi- 
ciently developed to be of practical value for industrial or commercial purposes, the 


Commission may thereafter issue licenses for such type of facility pursuant to section 103. 


** Sec, 103,—COMMERCIAL LICENSES 1. Subsequent to a finding by the Commission 
as required in section 102, the Commission may issue licenses to transfer or receive in 
interstate commerce, manufacture, produce, transfer, acquire, possess, import, or 
export under the terms of an agreement for cooperation arranged pursuant to section 123 
such type of utilization or production facility 


“Sec, 104. Mapicar THerary AND Researcu AND DEVELOPMEN1 a. The 
sommission ts authorized to issue licenses to persons applying therefor for utilization 
Comm ? th dt f { u t t 
fa ilities for use in medical therapy 


bh. The Commission is authorized to issue licenses to persons applying therefor for 
utilization and production facilities involved in the conduct of research and development 
activities leading to the demonstration of the practical value of such facilities for 
industrial or commercial purpose 


**e, The Commission is authorized to issue licenses to persons applying therefor for 
utilization and production facilities useful in the conduct of research and development 
activities of the types specified in section 31 and which are not facilities of the type 
specified in subsection 104 t 


"See, 105. AntirRuUsT PROVISION 


“Sec, 106. Crasses or Factirries,— The Commission may-—a. group the facilities 
licensed either under section 103 or under section 104 into classes which may include 
either production or utilization facilities or both, upon the basis of the similarity of 
operating and technical characteristics of the facilities; 


“Sec. 107, Operators’ Licenses The Commission shall—a, prescribe uniform 
conditions for licensing individuals as operators of any of the various classes of produc- 


tion and utilization facilities licensed in this Act 


26 





By Rep. W. STERLING COLE (R., N.Y.) 


Chairman, 83rd Congress 
Joint Committee on Atomic Ene rgy 


Washington, D. ¢ 


IN REDRAFTING the nation’s organic 
atomic law last year, a critical policy 
problem confronting the Joint Com- 
mittee on Atomic Iinergy was this: 
How could the legal basis be laid for 
transition of this promising industrial 
field from strict government monopoly, 
predicated exclusively upon the Con- 
stitutional power of providing for the 
common defense and security, into a 
condition more in accord with our 
traditional system of free competitive 
enterprise, and at the same time main- 
tain the necessary safeguards against 
hazards to public health and national 
security. 

In counterpoint was the necessity 
in our democratic republic of assuring 
equal opportunity to all, and, in a field 
so cloaked with secrecy, giving the 
fullest play possible to the protections 
of due process of law, which forms the 
bulwark of our system of government. 

Upon the success with which these 
fuleral issues are met depends the 
speed and fullness with which private 
companies are enabled to enter the 
atomie field, bringing to bear upon its 
development the proved abilities of 
free and competitive enterprise. Most 
will agree, I believe, that the new law, 
in the main, is a realistic and fully 
adequate legislative frame upon which 
an atomic industry can be built and 
can flourish. Whether that industry 
is built well and quickly now depends 
upon actions of the Atomic Energy 
Commission, which will block-in with 
regulation and order the outlines of 
control contained in our legislative 
action, and equally upon private com- 
panies and persons who will invest 
their talents, energies and money in 
developing the industry under Com- 
mission regulations and license. 
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jasically, the new law establishes 
three principal points of Federal con- 
trol of information, 
That is to 


say, the Federal Government is vested 


atomic energy: 


materials, and facilities. 


determine what 
held 


what circumstances that secret 


vith powers (a) to 


knowledge must be secret and 
inde 
nformation may be disseminated or 
used; (b) to restrict the possession, use 
or transfer of those materials vitally 
the field 


reason of public health or 


mportant or involved in 
either by 
national security; and (c) to control the 
building, possession, use and transfer 
of facilities for production or utilization 
of atomic energy or of particularly 
sensitive materials that, in the law, are 
called special nuclear materials, 
rhe law also contains secondary con- 
points: It authorizes the Commis- 
establish health safety 


regulations; it requires the Commission 


sion to and 


to establish conditions for granting of 


licenses to individuals who operate 


production or utilization facilities; and 
t retains for the Government a residual 
but preemptive control upon new 
patents issued on applications filed in 


nonmilitary areas until 1959. 


Facilities Controlled by License 


the 
features of the 


jusic to an understanding of 
control-of-facilities 
new law is the concept that the new 
industry should be governed by licenses 
It was felt 
that an independent industry, using 


rather than by contracts. 
its own capital, would rise to make the 
fullest uses of atomic energy in peace- 
time applications if it were not subject 
to the 
tracting, with its inherent retention of 


dead hand of Government con- 


lirection and scope to a Federal bu- 
reaucracy, Of course it was recognized 
that the Government would, for its 


)wn purposes, continue to utilize a 

stem of contracts and subcontracts. 
But no system of Government con- 
tracting has yet been devised that will 
substitute for the competitive force 
toward progress that inheres to a sys- 
tem of private venture. 

It was also clear to us, however, that 
the efforts of free enterprise, using its 
own resources and money, are by them- 
selves inadequate to achieve the speed- 
iest possible attack on the goal of 
peacetime atomic power. Therefore 
the law encourages flourishing research 
and development programs under both 
Government and private sponsorhips. 


In determining the scope of control 
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“ . . . the new industry should be governed by licenses rather 


than by contracts . 


. no system of government has yet been 


devised that will substitute for the competitive force towards prog- 
ress that inheres to a system of private venture."’ 


* . . . the Commission control should be over the reactor as a 
nuclear device, leaving specific applications of reactors subject 
to regulation by the concerned agency.” 


to be vested in the Commission’s 
licensing authority, it became immedi- 
that the 


ol possible Uses of nuclear 


ately apparent because of 
diversity 
reactors, the Commission’s control 
should be over the reactor as a nuclear 
device, leaving specific applications of 
reactors subject to regulation by the 
concerned agency. Thus, a reactor for 
use in an aircraft, for example, would 
be licensed by the Commission as a 
source of power, governed by interests 
of common defense and publie health 
and safety, but operation of the air- 
craft 


authority of the 


subject to normal 
Civil 


Board, or other agencies having author- 


would be 
Aeronautics 


ity over airplanes. 

Similarly it was thought that a reac- 
tor powering a locomotive should be 
regulated by the Atomic Energy Com- 
mission only as a source of power using 
atomic energy, in the interests of the 
common defense and to protect the 
health safety. Control 


over operation of the locomotive pow- 


public and 
ered by a reactor should be left to the 
Interstate 
the state public utility or railroad com- 


Commerce Commission or 


mission having jurisdiction. It was 
likewise thought that when a reactor 
is used to power a plant generating 
electricity for public utility purposes, 
the reactor should be regulated by the 
Atomic 


the interests of 


Knergy Commission only in 
common defense and 
security and to protect the health and 
The 


from the 


safety generation and sale of 
atomic 
that 


otherwise 


electricity power 
be regulated by 
Federal, that 


jurisdiction over the generation, trans- 


should agency, 


state or has 


mittal, and sale of electricity. 


Kinds of Facilities 

Reactors have been built and can be 
built in the future to produce materials 
special nuclear 


of value, especially 


materials. Many of the Commission’s 
reactors now are designed essentially 
toward the production of such mate- 


rials and not toward the production of 


power. There are many types of 
facilities in addition to reactors that 
are involved in the production of special 
nuclear materials, such as the gaseous 
the 


materials 


diffusion plants, or facilities for 


chemical treatment of the 
coming out of reactors or for the manu- 
facture of fuel rods containing special 
nuclear material 

It was the hope of the Congress that 
private industry would enter in all of 
these phases of the atomic energy field. 
The licensing provisions are aimed at 
permitting an independent industry to 
grow in all of them 

In the new law, a reactor utilizing 


special nuclear material to produce 


power is termed a “ utilization facility,” 
while a facility engaged in any portion 
of the production of special nuclear 
material is a “production facility.” 
There is no known reactor that does 
not combine some of the features of 
both a production facility and utiliza- 
tion facility. That is 


known reactor not producing special 


there is no 


nuclear material at the same time that 
it is burning up special nuclear mate- 
the 
per- 


clarity 
106, is 
mitted to group production and utiliza- 


For simplicity and 


Section 


rial, 
Commission, in 
tion facilities together for licensing 
purposes. 

The Commission has been authorized, 
then, to categorize the type of facility 
according to its scientific characteristics 
and to issue licenses and regulations on 
the basis of the similarity of operating 
Thus, 


will be 


and technical characteristics 


for instance, the Commission 
able to issue one type of regulation for 
an airplane reactor, another type of 
regulation for a water-cooled power 
reactor, and a different type of regula- 
tion for a homogenous reactor or a 
breeder reactor, each depending upon 
the implication of the specific type of 
reactor to the common defense or to 
If the same type of 
both for 


production and for production of spe- 


public health. 


reactor can be used power 


contem- 
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cial nuclear materials, it is 





plated that kind of regulation 


should apply 


one 
to licenses for either use 
unless there are strong differences in 
characteristics of 


different 


the performance 


the reactor when used for 
purposes, 

The Commission has the basic re- 
sponsibility of determining what are 
production facilitie and what are 
utilization facilities under the new Act 
In each instance the Commission has 
the positive duty of declaring facilities 
to be production facilities or utilization 
facilities where their operation involves 
such quantities of special nuclear mate- 
rial as to be significant to the common 
where thei 
operation can affect the health 
safety of the public. This task is im 


posed on the Commission because of 


defense and security of 


its special technical knowledge and its 
ability to gage the extent to which the 
technical operations of the facility re 


quire such regulation 


Commercial Plants 


The drafters of the new law 


recog- 
nized that before we can have reactors 
capable of being built and used on a 
commercial basis there are many tech 
solved As of 


this writing, no production or utiliza- 


nical problems to be 


tion facility has been determined to be 


of practical value, in the sense of Sec- 
tion 102. 


tors are 


Therefore in so far a 


first 


rent 
concerned, the licenses 
will be for research and development 
One example of a production facility 
that appears eligible for early determi 
nation of practical value is a facility in 
which 


nuclear 


fuel rods containing special 


material are manufactured 
The techniques used closely resemble 
metallurgical 


established operations, 


and thus their commercial significans 
is more readily demonstrable 
The law permits licensing of r 
and development reactors of twe 
eral kinds. (Medical therapy 


are considered separatel\ 


reactol 
the il 


use is not tor the extension of rea tor 


technology or the study of nuclear 
Processes, but rather for the applicatior 
of atomic energy to medical stud 
diagnosis, and treatment 

The first ty pe of research and devel 
opment reactor is one to be used pri 
marily for experimental purposes, with 
no intention of turning tts operation to 
other than 


a réactor, licensed under Section 104e, 


research purposes Such 


might be an experimental or materials 


testing reactor It would produce no 


commercially usable power, and the 


neutron flux within the reactor would 
be used to bombard various materials 
to study their under 
neutron or other This 


type of license could also be issued for 


characteristics 
irradiation. 
a ‘‘zero-power”’ reactor, such as is fre 
quently used in testing reactor compo 
nents and in establishing the fina 
specifications of a proposed reactor 


The kind of 


development reactor 1s 


second research and 


one directed 
toward proving the practical value of 
that reactor type. It would be licensed 
104b 


could be an experimental breeder rea 


under Section Such a reactor 


tor, or an experimental pressurized 
water reactor, which still require con 
siderable development and operation 
experience before it would be possible 
to determine the commercial attractive 
ness or practical value of those par 
ticular reactor types 
As soon as sufficient work has been 
done on any type ol facility to allow 
make a finding 
that 


facility is of practical value, the Com 


the Commission to 


under Section 102 that type of 


mission must thereafter issue licenses 
for that type of facility on a nonexclu 
sive industry-wide basis. This statu 
basis for the regulation of the 
field is 
parallel in the atomic energy field the 
Federal! 
Commission in the 
that field both f-m 
television were developed 
flexible 
licenses until they were proved to be of 
When they were 
found to have reached this stage, the 


tory 


atomic energy designed to 


licensing philosophy of the 
Communications 
field. In 
and 


radio 
radio 
rather 


under experimental 


commercial value 


main body of licenses were then cde 


clared to be commercial licenses and 

the facilities were used for profit on a 

commercial basis. 
The Atomic Energy Commission in 


issuing regulations for research and 


development reactors is specifically 
directed to impose only that amount of 
regulation essential to provide for the 
common defense and security and pro 
tect the health and safety of the public 

In fostering a new industry, still in 
the creative stage, the Commission i 
authorized to be less stringent in it 
regulation than it would be in the com 


mercial stage, to provide the flexibility 


research. It 


and 


80 vital to a continued 


must be possibile for a research 
development facility to be taken down 
ideas 


Also, 


a reactor being used to prove that its 


and rebuilt incorporating new 


with the minimum of red tape 
type is commercially practical should 


not be under the stringent licensing 
requirements of full commercial opera- 
tion where the facility is generally 
operated from one year’s end to another 
without material change 

On the other hand, 


facility does not demand as much flexi 


a demonstration 


bility as one for more basic types ol 
research. The Commission should is- 
sue those rules for the operation of a 


104b, 
divergent 


lemonstration facility, under Sec 


that would not be widely 
from the rules the Commission might 
that 
found to be of 
Admittedly, the Com- 


mission is required to do some crystal- 


reasonabl\ expect to Impose 


type of facility were 


pract ical value 


ball gazing, but the hope is that it will 
pe of regulation reasonably 
that 


would be imposed on a commercially 


evolve a ty 


harmonious with regulations 


operated facility of the same type. 


1 


The main desire of the Congress in 


drafting these licensing requirements 
was to permit the Commission to exer- 
cise discretion in regulating research 
still 


regulation of facili- 


and development facilities, but 
maintain necessar\ 
ties used for commercial 


The 


license the individuals who manipulate 


purposes 
authority of the Commission to 
the controls of licensed facilities is an 


important element in the exercise of 
The Commission can 


( heck 
a potentially 


this discretion. 


thus maintain a upon persons 


who will control hazard 
reactor presently 
is operated from a console It 
thought that the 


those 


ous device Kacl 
built 
wa the personnel 
should 
back- 


fissure 


who operate consoles 


ilwavs have an educational 


ground and training such as to 


the safe operation of the reactor just 


as is the case with pilots of amrcrait. 


Personnel such as shift supervisors who 
might direct the 


ire not requu “l to be licensed 


person at the console 
unless 
they would have to perform operating 
duties in the event of an emergency 

facilities are made 


Federal 


Licenses for all 


subject to the right ol the 


“The Atomic Energy Commission in issuing regulations for research 
and development reactors is specifically directed to impose only 


that amount of regulation [that is] essential 
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“itis our hope that the Atomic Energy Commission would never 
become involved in a ‘color television’ decision." 


government in times of national emer- 
gency to withdraw the special nuclear 
material or to operate the facilities as 
the Federal 
national interests. 

Although there is little in the Act 
cifically on the point, it is the hope 
the drafters of the Act that the 
etion of various technological routes 


government may decide 


in the 


commercial facilities be resolved in 
market place, and not in the Com- 
that the 
would 


ion It is our hope 


knergy Commission 


become involved in a ‘“‘color 


ision’”’ decision. * 


Due Process 
Che procedures for obtaining licenses 
rescribed in a series of sections in 
16. The basic thought in the 
iter is to make the procedures of 
Act 
Be- 


of the requirements of security, 


Administrative Procedure 


cable just as far as possible. 
lie features of these procedures 
The Com- 


to establish 


ilwavs be followed. 
is directed 


ires that 


pro- 
issure the protection of 
ret information involved but parallel 
osely as possible the normal pro- 
ire Thus if public announcement 
otherwise be 
forbids the 

on of the 
d that the Commission will dis- 


required, but 
widespread dis 
information, it is 
who would be 


t to all those 


to receive similar informa- 


nstance, a regulation pro- 
issued on the control of a 
» of reactor that cannot be 
should be disseminated to 
ire cleared to receive infor- 
and all 


simular sensitivity 


persons who can meet security 


e standards and who have a 


mate interest 
e Commission is required to estab- 
ile the ty 
furnished by the applicants for a 
This will 


the t' yo ol 


pe of information to 


necessarily depend 


facility involved 


particular status of the appli- 


The Commission is also given 


prescribe the extent of the 


nformation it will require 


ssuance of a license for the 


i case where an administra- 
attempted to set the course of 


gical advance 
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construction and operation of facilities. 
This information will also be used as a 
basis for determining permissible varia- 
the 
original license without requiring fur- 
One of the 


items on which information might be 


tion in operation authorized in 


ther Commission sanction. 


required in license applications is the 


financial qualifications of the applicant 


since construction or operation of a 


reactor under financial distress might 


induce the owner to take dangerous 


shortcuts, leading to hazardous 
conditions 

If the 
plication for a reactor that will generate 


has a likelihood 


of maturing into a license, it is required 


Commission finds that an ap- 


commercial electricity 


to publish notice of the application in 
the Federal Register and to give special 
notice to the local governments and to 
any regulatory agency having jurisdic- 
tion. This requirement gives to others 
who might be interested in constructing 
the same 


and operating a reactor in 


geographic area an opportunity to be 


considered by the Commission at the 
same time, and also gives the regula- 
iInvolvet 


then 


tory agencies an opportunity 


While the 


Commission issues licenses only for the 


to present views 
reactor portion of the generating facili- 
the regulatory 
testil ' 


ties agencies may ap- 


pear and since the ability of 
the applicant to abide by the rules of 
the applicable regulatory agency will 


in part determine the financial and 
other qualifications of such an appli- 
cant In the event that 
opportunity for a 


facilit 


there is 
limited license for 


such a that is, in case there 


is not enough nuclear fuel to meet de- 


mand—the statute requires that prefer- 
ence be given to applications from high 
cost areas, and within those 


powe! 
areas to public bodies and cooperatives. 

To be sure that the Commission at 
all times knows who owns and operates 


each reactor, licenses are made inalien- 
able except with Commission consent 
To give the applicant a definite ruling 
on his plans and qualifications so he 
can proceed with the financial backing 
and construction of a facility, the Com- 
mission is authorized to issue construc- 
automatically 


tion permits that will 


ripen into licenses on satisfactory com- 
pletion of the facilit 


The statute 


ilso provides for the 


revocation of a license in the event that 
the Commission finds infraction of its 
rules, or if the Commission later finds 
any reason that would have warranted 
it not having issued the license in the 
first The 
however, required to give the license 


instance Commission is, 
holder opportunity to remedy the de- 
fect, if it is remediable, 

In cases of extreme importance, the 
Commission is permitted to move 
swiftly without notification of violation 
hearing, It 


and before 


that this power would be used only in 


is expected 


case the Commission found the method 
of operation of a facility was such as to 
cause immediate danger to the public 
health 
detriment to the 


and safety, or an immediate 


national defense 
Thus if the licensee were found to be 
using the facility to construct atomic 
tuke 


without 


the Commission could 
halt the 


going through prolonged administrative 


weapons, 
action to operation 
procedures 

On the other 
itself is 
continue 


the Commission 
take 


facilities 


hand 


authorized t« over and 


running alter re 
voking a license, if cessation of opera 


tion would, for instance, leave a city 


or an industry without electric power, 


or would deprive the Federal govern- 
ment of essential materials 

However, all final rights in and to 
the license, whether arising out of ap 
plication for or revocation of license or 
out of the issuance of rules and regula 
licenses, would be 


tions controlling 


determined only after a hearing, if one 
is requested 

Provision is made for an appeal to 
the courts from the result of any such a 
hearing, in accordance with the usual 
methods of appeal from determinations 
of regulatory agencies 
that the Con- 


in erecting the regulators 


Thus it can be seen 


ress atric 
ture for a new industry, sought to pro- 
vide as many as possible of the normal 
with 


safe-guards of due process of law 


out, at the same time, adversely affect- 
ing the common defense and security 
more information 


Just as more and 


on atomic weapons has been made 


public, so it is anticipated that more 
and more information on nuclear rea 
was the 
Congress that the 


so established that 


tors will be made publi: It 
intention ol new 
industry be as the 
veils of secrecy are withdrawn from the 


field 


will already 


the norma! regulatory 
field 
made more and more effective END 
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Measuring High Doses by 
Absorption Changes in Glass 


By JAMES H. SCHULMAN, 
CLIFFORD C. KLICK, and 
HERBERT RABIN 

U, 8. Naval Research Laboratory 


Washington, D. ¢ 


LARGH-s« ALE USE oO] massive gamma 


ray or electron-beam doses in food and 


drug sterilization has created a need 
for a more convenient dosimeter than 
R idia 


absorption, 


present chemical systems (/ 
changes in 
other 


used to measure 


tion-induced 


luminescence, and properties 


of solids have been 
comparatively low doses of ionizing ra 
diations (2-4), but little attention has 
The excel 


lent personnel-dosimeter performance 


been given to high-doses (4) 


of silver-activated phosphate glass (4) 
that it be first 
For high doses, radiation-induced ab- 


suggested studied 
sorption changes in this glass are large 
enough to measure dose directly; hence 
this property was examined rather than 
the radiophotoluminescence used in the 
personnel dosimeter 

The base glass used in dosimetry has 
the following composition in weight per 
cent: 50% AIl(PO;)s, 25% Ba(PO, 
and 25% KPO,. To this base glass 
approximately 8% by weight of AgPO, 
is added to produce its radiophotolumi 
nescence. The glass has been manu 
factured in commercial quantities by 
several companies, and its properties 
controlled. 

Absorption spectra of unactivated 
and silver-activated glass are sensitive 
to radiation as shown in Fig. 1. This 
effect was studied as a function of dose, 
dose rate, type of radiation, and time 
following exposure 


Dose Dependence 
Polished plates of 
proximately 0.5 mm thick and 1 X | 


30 


the glasses ap- 





Changes in optical density of glass measure doses up to 


2 & 10° rep with 5% accuracy independent of dose rate. 


Dosimeter is convenient (1 


and rugged. 


1 * 0.3-cm plate) 


Standardizing measurement time or heat 


treatment solves problem of fading 


em square were prepared. Doses of 
Co™ and 
from 10% to 3 X 


to two plates of each ty 


sometimes, Ta'*? radiation 
10° rep were delivered 
pe by the fission 
$y 00K 


the 


products utilization group at 
haven National Laboratory unde 
direction of B. Manowitz and O 
Dose rate for exposures up to and in- 
3 & 10' 240,000 


Dose rate for 


Kuhl 


cluding rep was 


rep/hr. be- 


tween 10° and 3 X 10* rep was 575,000 


exposures 


rep/hr as determined by chemical 


dosimetry and 600,000 rep hr as de- 
The 


chemical-dosimetry dose rate was used 


termined by an ion chamber. 
to compute exposure time. 

A parallel series of exposures from 
10° to about 10° rep of Co were given 
to two plates of each type at the De- 

Food Mas- 
Institute of Technology, 
Goldblith. 


time ofl 


partment of Technology, 
sachusetts 
under the direction of 8S. A 
calculated from 


Doses were 


irradiation, position of plates in the 








|= Activated or unoctivoted, before irradiation 
2- Unoctivoted, after irradiation 
3~ Activoted, ofter irradiation 

















Wavelength (Angstroms) 








FIG. 1. 


Absorption spectra of 0.5-mm-thick samples. 


Measurements 


on thicker samples of unactivated giass show that its radiation-induced 


absorption is principally in two broad bands peaking at 4,300 A and 


5,200 A, making it purple. 


Activated glass develops new band, peak- 


ing at 3,200 A and spreading into the visible, making it yellow 
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FIG. 2. 
glass. 


source, and the ~70,000-rep/hr dose 


previously determined calori- 
The Brookhaven and 


\M.1.T. dosages will be shown to agree. 


rate, 


metrically (6). 


Approximately one month after the 


gamma-ray exposure, optical trans- 


mission measurements were made, 


Transmission data were converted to 
absorption constants to render results 
ndependent of glass thickness. Cor- 
rections were applied for absorption 
losses in unirradiated 


and reflection 


Dose dependence of absorption of silver-activated 
Note good agreement between Brookhaven and M. |. T. 


FIG. 3. 


plates. Typical absorption data are 


given in Figs. 2 and 3. Response is 
essentially linear up to 10° rep, where 
saturation effects appear. Sensitivity 
(i.e., change in absorption coefficient 
per unit dose) drops to undesirably low 


Modi- 


fication of composition and synthesis 


values at about 2 X 10° rep. 


of new glasses are being investigated 


in an attempt to develop a dosimeter 
useful to 10’ rep or higher. 


Sensitivity also decreases with in- 





Dose-Rate Dependence 


Absor plion 


Dose rate Dose constant (em 


rep /hr (rep) 3,500 A 


OOo t 
O00 Ft 
25,000 
5,000 
780,000 
OOO t 
10,000 
10,000 
575,000 


104,000 
104,000 
102,000 
102,000 
89,500 
89.500 
Ta'*?) 101,000 
(Ta'®*) 101,000 
105,550 41 


5.000 105,500 31 


Sensitivity 
10% 


,5O0 A 


(cm 


Procedure* 


A 
B 
A 
B 
A 
b 
A 
B 


From original series 


of exposures illus- 
l erated in Fig 2 


Average 10.5 


* Procedure A 
immersed in chemical-dosimeter solution 
sulfate) 


wet 


t Chemical dosimetry (ceri 


Glass dry, taped to outside of chemical dosimeter 


Procedure B: Glass 


ion chamber gave 600,000 r/hr 


t Chemical dosimetry (ceric sulfate; ion chamber gave 800,000 r/he 
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Dose dependence of absorption of unactivated glass as 
measured at 5,200 A 


creasing wavelength, as shown in Fig. 
The 


wavelength variation of sensitivity al- 


2 for the silver-activated glass 


lows one to standardize on one thick- 
ness of glass and yet obtain convenient 
optical density values for doses ranging 
10° rep up to the limit 
For 


doses, adequate optical-density changes 


from about 5 » 


of usefulness of the glass, low 
are observed when the measurements 
are made at 3,500 A on a 3-mm-thick 
For the 


tical density at A is much too 


higher doses 
3,500 


high for convenient measurement, and 


specimen. op- 


the dose is determined from measure- 


ment at longer wavelength. 


Dose-Rate Dependence 


Dose-rate dependence was studied 
by exposing « set of plates at Brook 
haven to a total dose of approximately 
10° rep at dose rates varying from 10* 
Results 
of measurements at 3,500 A are shown 
table (left). There 
to be no significant effect of dose rate 
the 


Similar 


rep/hr to 7.8 & 10° rep/hr. 
in the 


appears 


investigated 


( ‘og 


over dose range 


experiments with and 
fuel-element radiation (at the Materials 
Testing Reactor) show no dependence 


on dose rate at rates above 10’ rep/hr 


Energy Dependence 


The energy dependence of the radio- 
photoluminescence response of silver- 
activated glass has been reported 
The sensitivity is energy- 
200 kev to Co” 


below 200 kev, however, the 


31 


earlier (4) 
independent from 


energies; 


’ 








sensitivity increases, becoming 18 times 
Fuel- element Average dose ; ” 
age (hrs) rate (rep/hr that for Co™ at about 65 kev. Al- 
21 though no explicit studies have been 
152 
852 
i519 10 changes have similar energy depend- 


made, it is certain that absorption 


ence. This being the case, question 
may arise as to the applicability of the 
glass where low-energy contributions 
are present, as in food sterilization, 
where considerable low-energy radia- 
tion can be scattered by the irradiated 
product itself. However, such applica- 

Co” dose rates tions offer no particular difficulty since, 
© 3.27x10° rep/hr 


once calibrated in the geometry of con- 
® |.67x 10° rep/hr 


cern, the glass serves as an adequate 





dosimeter for subsequent irradiations 


ayheerenien ‘ + 4+ +4 


10° 10” with the same geometry and source. 





Dose (rep) 











Fuel-Element Dosimetry 


FIG. 4. Change in optical density of silver-activated glass after irradiation by fuel The applicability of silver-activated 
elements and by Co’ glass in spent-fuel-element dosimetry 


has also been investigated. Fuel ele- 


ments have a very broad gamma-ray 





energy spectrum that is also time de- 


pendent because of the complicated 
= 
he decay of fission products. Exposures 
Ow . i 
: os 3,200 A with Materials-Testing-Reactor fuel 





‘lements were made at varying times 
av, is elremen 
; eX 4,000 A after reactor shutdown to ascertain 
AR x 
—- 4,500A the response of silver-activated glass 
eee to different aged elements. Exposures 
were carried out in water in the MTR 


canal. Doses delivered to glass plates 








were based on ceric-sulfate dosimetry 
1) using a cerium yield of 2.58 
| | x j | | | | L uM/1/1,000 rep. The glass plates 
40. 80 120 160 200 240 260 320 360 med were 191 +. < well thik (op 


Time After Cessation of Irradiation ( hrs) proximately 3 mm); hence all measure- 


ments were made at 5,000 A, rather 


than at shorter wavelengths where the 


Percent Fading (Normalized ot + ar) 

















FIG. 5. Fading of silver-activated glass. This specimen received a 5.1 * 10‘-rep ylass is more sensitive, to obtain favor- 
Co” dose in 6 minutes, then it was stored in the dark at room temperature ible optical densities in the high-rate 
radiation fields. Densities were meas- 


ured 44 hr after irradiation. The 





results are shown in Fig. 4 


(Untreated The curve depicting the fuel-element 
\ 








irradiations shows clearly that glass 


Heot- treated response is dependent only on dose, 





and is independent both of fuel-element 
Heating period age from 21 to 1,519 hr and of dose- 
(13min at 130°C) rate up to rates exceeding 10’ rep hr. 
The Co curve shows the same quali- 
tative behavior; quantitatively, how- 
ever, optical density changes for the 
fuel-element-exposed glass is approxi- 
mately 30% greater than at corre- 
a sponding Co® doses. Perhaps this 


difference can be explained by the 


a 7 ii greater proportion of low-energy radia- 
| aeeeeeeeeeeeeeewewe ae apie fe 


Time After Cossotion of thes) tion from fuel-elements and the known 

















increased sensitivity of the glass below 
FIG. 6. Effect of heat treatment on fading of silver-activated glass. Absorption 200 key. It can also be inferred that 
measurements were at 3,500 A following a |-hr exposure to a 2,500-c Co™ source the gammas below 200 kev constituted 
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a small and constant fraction of the 
total spectrum. 


Fading 

Fading of coloration of irradiated 
crystals and glasses in storage is a 
well-known phenomenon. The influ- 
ence of this effect on the measurements 
reported in the foregoing sections was 
minimized by standardizing the time 
at which optical measurements were 
made in each series of experiments. 

Typical fading of a silver-activated 
glass plate at 5,000 A shown in Fig. 
5, is at a rate that is greatest immedi- 


irradiation and de- 


These results 


ately following 
creases at longer times. 
ilso show that rate and magnitude of 
fading are spectrally dependent; the 
fading 
approximately 4,500 A with increased 
stability of coloration on either side.* 

Since fading is appreciable, means 


most pronounced occurs at 


are required to prevent its interference 
with the usefulness of the glass as a 
dosimeter. Several solutions are avail- 
First, 
that all optical density readings are 
made at a given time following ex- 
In this way the same amount 


able one can standardize so 


posure, 
of fading occurs in all exposures and 
The 


optical- 


hence its net effect is eliminated. 
standard for 
density readings should be long after 


time making 
exposure to minimize errors introduced 
by fading during different length ex- 
If it is desired to standardize 
at a time shortly after exposure, cor- 


posures. 


rections must be applied for different 
length The 
making such a correction is illustrated 


exposures, method of 
in a separate paper (7). 

A second approach to fading requires 
the preparation of fading curves at 
each wavelength so as to be able to 
correct to the time of measurement 
which the calibration curve is 
based. This factor of reduction could 
then be applied to glass plates read 


upon 


weeks or even months following ex- 
posure; the would follow from 
the original calibration curve. This 
method has the added advantage that 
glass plates once read could be reread 
subsequent time to verify 
determination. Once 
is advisable to standardize 

measurements of optical 


dose 


at any 
a former dose 
again, it 


calibration 


* More extensive data by F. Martin of 
Corning Glass Works show a peak in fading 
at approximately 4,500 A with decreased 
fading in going from 4,500 4 to 3,500 A and 
from 4,500 A to 7,000 A. 
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ELECTRON-BEAM DOSIMETRY: Dato on dosimetry of electron beams with silver- 


activated glass, taken at M. |. T. by Samuel A. Goldblith, show that dosimeter works 


well for high-energy electrons 





density at time intervals considerably 
This 
for 


larger than the exposure times. 
then eliminates added correction 
fading during exposure. 

This dosimeter is most easily used if 
fading is dose-independent. Prelimi- 
nary information indicates that there 
is at most a small dose dependence 
of fading over the useful dose range 
of the glass. This information, how- 
ever, is not conclusive; additional work 
isrequired. This fading-curve method 
continues to be applicable to the fading 
problem; the dose-independent situ- 
ation merely is simpler. 

A third method of treating fading is 
suggested by the fact that early fading 
is largest and most rapid, indicating 
that some unstable centers are involved 
in the coloration. It appeared possi- 
ble, therefore, to accelerate the dis- 
appearance of these centers by short, 
mild heating without destroying more 
centers that give long- 
lasting coloration. An exposed plate 
was for 13 min at 130° C. 
Previous experience showed that this 
temperature would not directly destroy 
stable color centers. After heat treat- 
ment, the absorption of the samples 
was measured as a function of time. 
The results are illustrated in Fig. 6. 
It can be seen from this curve that this 
short heat treatment does accelerate 
fading of unstable centers while leaving 
more permanent centers essentially 
undisturbed. In a few minutes a 
stable end result is achieved that would 


stable color 


heated 


normally require at least a day at room 
temperature. It has also been shown 
that length of heating is not critical. 
Most of the 


bleached after 5 min at 130°C, and a 30- 


unstable centers are 


min heating time produces only 5% 


more fading. Measurement of heat- 
treated samples after 50 days showed 
that further fading over this period 
amounted to no more than 5% of the 
immediately 


absorption determined 


after heat treatment. It appears pos- 
sible, at a small sacrifice in sensitivity, 
to eliminate the fading problem entirely 
by a preliminary mild heat treatment 
before the optical density of the glass is 
measured. 
way to determine if this procedure can 


Further studies are under- 


be reliably employed 
. * * 


In addition to thoae mentioned in the article, 
we wish to thank Howard Watanabe and 
Durrow Reeder of the MTR staff for their 
assistance in fuel-element studies, Robert J. 
Ginther and Ruasell D. Kirk of NRL for 
their many contributions in the Co® studies, 
and William E. Price and Norwood G. Long, 
also of NRL, for data on the spectral depend- 
ence of fading shown in Fig. 6. 
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omogram for Estimating 
Nuclear Reaction Energies 


A new empirical equation for nuclear masses underlies this 


method for estimating Q-values of nuclear bombardment reactions 
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FIG. 1. Empirical mass curve matches actual nuclear masses well 
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By ALEX E. S. GREEN 
The Florida State University 
Tallahassee, Florida 


THE FIELD OF NUCLEONICS ultimately 
depends upon energies released or ab- 
sorbed in various transformations of 
nuclei. While the great variety of 
nuclear transformations that have been 
induced appear unrelated and kaleido- 
scopic in their energy release, neverthe- 
less there are certain general regulari- 
ties. The purpose of this article is to 
call attention to one of the major 
regularities, the one provided by regu- 
larities in nuclear masses (J—4). It is 
simply revealed by a new empirical 
equation that accurately matches ex- 
perimental nuclear masses, and a new 
nomogram for bombardment-reaction 


energies. 


Empirical Mass Equation 

In the course of an effort (5) to fit 
polynominals to the mass decrements, 
A, of beta-stable nuclides the simple 


quadratic expression 
An*(A) = 0.01(A — 100)? — 64 (1) 


was found to provide the remarkably 
good representation shown in Fig. 1 
(A is the mass number, A,,‘ is in mmu, 
milli mass units.) Indeed this expres- 
sion gave better agreement than semi- 
empirical expressions then available 
Equation 1 is limited in its utility to 
mass numbers above 10 since the 
masses of nuclides having A < 10 do 
not conform to this or to any other 
simple function. The principle pur- 
pose of this article is to consider the 
application of Eq. 1 to the prediction 
of reaction energies of bombardment 
reactions 

4 typical bombardment reaction 


may be symbolized as 
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FIG. 2. Nomogram for estimating reaction energies. To use, strike a line from key point denoting incident and ejected particle to 
value of A on appropriate half (keyed by triangle) of horizontal mass scale. Reaction energy in Mev and mrmmu is indicated on hori- 
zontal scale at bottom. In the example shown, a (y,n) reaction with Sn'**, a nucleus having A = 124, is found to be endoergic with 
Q 7.9 Mev. The actual value is —8.5 Mev (7). This is closer than usual; residual is usually of the order of 1 Mev 
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a(a,z) + X(A,Z 


) 
“) 
j 


where z is the incident nuclide, X is the 
target nuclide, x’ j 
and X’ is the residual nuclide 


value of such a reaction may be 


the ejected nus lide 
The ) 
written 


a] 6 6’ ? 4 A’ (3 


mass de- 


where é, és. A and A’ ire the 


crements of incident, ejected, target 


and residual nuclides, respectively. If 
we use Eq. 1 for A and A’ but experi 
mental values for 6 and 6 we find, using 


the relation A’ 4 + 
Q.°(A) = 8 — 8’ 


(a a 


100 100 


+) 
The fact that Q,,*, is a linear function of 
A for each type of reaction is the major 
variou 


advantage of Eq. | over emi 


empirical expression 


Reaction-Energy Nomogram 
The expression for energy released 
iq 1, has 


embodied in a nomogram, Fig. 2. All 


in a nuclear reaction been 
of the usual types of bombardment re 


actions are included. To use this 
nomogram, strike a line from the key 
point denoting the incident and ejected 
particle to the value of A on the ap 
propriate scale in the center half of the 
horizontal. The approximate reaction 
energy in Mev and mmu is then indi 
cated on the horizontal scale at bottom 
(Reactions 


bottom scale cause no change in 


indicated directly on the 
A and 
hence have constant empirical Q 

By sweeping the central point over 
the entire range of mass values of the 
target nuclide, we may obtain a quick 
survey of all Q values for a given type 
ob- 


of reaction. Some noteworthy 


servations that we may make are the 
marked 
(d,n), (d,p), and (dye) 
as the 
He*-induced 
reactions are of course 
ergic. The 
also tend to be exoergic, 
light target nuclides. We 
that reactions in which two neutrons 


exoerg! nature of (d " 


reactions, as well 

triton 

The reverse 
/ 


nar kedly endo- 


corresponding and 


reactions 
(p,a) and (n,a) reactions 
except for 
note also 
or two protons or a neutron and a pro- 
ton are ejected are generally endoergic. 

The Q 
(y,x) type give the binding energy of 
the initial 
nuclide if we reverse the sign, i.e 


QUX (y,2) X") Vl 


values of reactions of the 


ejected particle in the 


36 


where denotes binding 


BAX) the 
energy of the z particle in the X 
nucleus 


the 


(y,2) reactions we observe that 


If we use nomogram for all 
with 
the exception of the alpha particle, Q 
values are always negative, and hence 
particle binding energies are always 
The stability of the 


alpha particle accounts for the fact that 


positive, high 


alpha-particle binding energies become 
We note 


approximately at 


negative for heavy nuclides. 
that this 
A 150. 


nuclides above this mass number to be 


occurs 


Accordingly we may expect 


unstable against alpha decay and those 
stable. This 


kperi- 


below this value to be 
may appear to contradict the e 
mental fact that alpha instability does 
not occur in nature below A 200 


The 


itself when consideration is given to 


apparent contradiction resolves 


the lifetimes of alpha decay—with a 
nuclides with 
150 


capable of alpha decay 


few exceptions, mass 


numbers between and 200 are 
but have life- 
times that are too long to be measured 

One may readily extend the nomo 
gram to include some of the reactions 
induced by projectiles heavier than 
helium, such as C'? and N™, For this 
purpose use Eq. 4 to locate the index 
point for the reaction of interest 

The 
itself to treatment by Eq. 4 


lend 
Howe er, 


Eq. 1 can be applied directly to the 


fission reaction does not 


study of fission phenome na (6) 


Corrections and Limitations 

The Q values given in the nomogram 
are based Upon Mass decrements piven 
by Eq. 1. 
this 
reaction energies 
like A A’, the 


mass surface are accentuated in reac- 


Actual masses depart from 


expression, Furthermore, since 


involve differences 
irregularities of the 
tion energies. Accordingly one must 
expect to find appreciable local de- 
partures from the predictions obtained 
It is difficult to 
these de 


from the nomogram. 
anticipate the magnitude of 
partures since they have about the 
same degree of erratic variability as 
beta-decay energies. However, it i 
possible in most instances to anticipate 
the direction of the departures, and in 
some instances to estimate the correc- 
tions roughly. 

Let us call the difference between the 
actual mass decrement, A, and the 
empirical mass decrement, A,,*(A), the 


mass-decrement residual, R 


R 4 — A,,%(A) 


vee alone Pane 


and the difference between the actual 
reaction, Q, the 
empirical Q value, (Q,,*(A)] the residual 
Q value, Qe 

Qn Q 
It follows from Eqs. 1 and 3 that 


YQ value of a and 


. Ont(A ) 


On [A 
{A m*(A’)| R R’ (8) 


these 


decay A A’ 
precisely the 


Since in beta 
residual Q 


same form as the actual Q values for 


values have 


beta decay. 

tules concerning the sign of Q» can 
be formulated most simply by using 
Eq. 8 in conjunction with rules for R. 
the 


which the mass de- 


Accordingly, we must formulate 


conditions under 
fects tend to depart from those pre- 


These 


nuclides 


dicted on the basis of Eq. 1. 
departures are negative for 
that are anomalously stable and posi- 
nuclides that are anomalously 


relative to the 


tive for 
unstable empirical 
values given by Eq. 1). 

It is well known that nuclei with N 
odd and Z odd tend to be more unstable 
than 
They 


nuclei of the e\ 


odd-eyen or even-odd nuclides 
more unstable thar 
These 


facts have been related to the pairing 


in turn are 
en-even type. 
tendencies of neutrons and protons 
Letting n denote the degree of pairing 
instability of the target (n 2 for 
odd-odd 


and 0 for even-even) and n’ denote the 
the 


1 for even-odd ol odd-even, 


pairing instability of 
in Mev or mmu 


degree ol 
product, then 
10 
Ure 
VA 
is an approximate estimate of the cor- 
with the 


rection associated pairing 
property. 


Another the 
correction, relates to the proximity of 


correction, paraboli 
the initial and target nuclei to the line 
of beta stability. Such a line has been 
incorporated on the 1952 General 
Klectric Chart of Nuclides.* The 
parabolic or quadratic correction to the 
approximately 


mass decrements is 


given (in Mey or 


mmu) by 


100 
A 


Za) 10) 


where Z,, is the interpolated Z value at 


the intersection between the line of 


beta stability and the line of isobars 


chart can be obtained free by 
Department 2-119, General 


Schenectady, New York. 
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A Review of Basic Principles 


Underlying the discussion of nuclear masses and reaction 
energies are certain basic principles. They concern the 
equwalence of mass and energy, the definition of Q, the energy 
released in a nuclear reaction, and how it is determined by the 
masses in the reaction equation. This directs our attention 
to nuclear masses, mass decrements, and empirical formulas 


for them. 


] « The equivalence of mass and energy, and their relation via 
the square of the velocity of light is usually expressed as 


E = Mc? (12) 


In applications of Eq. 12 one may avoid the explicit introduc- 
tion of the factor c* by expressing energies in terms of the 
cnit used for mass (such as mass unit or milli mass unit) 
or expressing masses in the energy unit (such as Mev). One 
milli mass unit equals 0.931 Mev. 


2. The reaction energy, Q, represents the total mass differ - 
ence between the initial, i, and final, f, nuclides involved, i.e. 
Q = 2M; — 2M; (13) 

‘ f 
Veutral atomic masses can be used throughout since the total 
number of electrons missing from the initial particles is equal 
to the total number of electrons missing from the products. 


<3 The mass of any nuclide, measured on a scale in which 
one atom of O = 16.000000 mu, is approximately an 
integral number. This integral number (A) is called the 
mass number and iz equal to the number of neutrons (N) plus 
the number of protons (Z) in the nucleus of that atom. The 
small deviation of the actual mass of a nuclide from its A, 


is called the mass decrement or mass defect. 


A, In any nuclear reaction, charge is conserved, and the total 
number of nucleons, neutrons and protons, remains unaltered 
272; = =Z;, LA; = ZA; (15a), (15d) 
‘ f ‘ f 
In view of Eqs. 18, 14, and 15b, the Q of any reaction ts 
Q = 2A; — LA, (16) 
J 


> If the mass decrements of all but the very lightest nuclides 
are plotted in three dimensions against N, and Z, the assembly 
of experimental points lie fairly close to a smooth average sur- 
face, the so-called mass surface. Thus it is profitable to 
regard the mass decrement as a function of N and Z, 1.« 


4 =A(N,Z) (17) 


Unlike ordinary functions, A(N,Z) is defined only for 
integral values of N and Z and is somewhat irregular. 


6. The available mass data indicates that mass decrements 
depend mainly on A 


A(N,Z) = Aw(A) (18) 


where, (see remarks after Eq. 10) the subscript m denotes mini- 
mum. The experimental data also reveal that nuclear masses 
depend to a smaller extent upon a host of other variables, such 
as the oddness or evenness of the neutron and proton numbers, 
the deviation of N and Z from the so-called magic numbers, 
Z, for a given A 


from a most favorable neutron excess for that value of A, as 


the deviation of the neutron excess, N 


well as other less-well-understood variables 

A number of theories (1-4) have been put forth to account 
for nuclear masses. The mass surface defined in this article 
is based on a purely empirical match to the ohserved nuclear 


masses. 





This point represents the minimum of 
the mass decrement parabola. If, as 


and Z to magic numbers so that no 
simple rule can be given for this cor- 


is hoped that they may serve useful 
purposes to those concerned with ap- 


is most often the case, the target lies 
closer to this line than the product, the 
parabolic correction to Qe is negative. 
An estimate of the magnitude of the 
quadratic Q-value correction may be 
obtained using (in Mev or mmu) 
100, . Su 

Q ra i (gy? — (¢')’) (11) 

Z—Z,andg’ = 7’ — Z,,’. 
A third correction might be identified 


where ¢ 


with the unusual stability (according 
to shell-structure theory) of nuclides 
that have the magic N or Z numbers 
2, 8, 20, 28, 50, 82 and 126. Aecord- 
ingly, if the target nuclide’s N and Z 
lie closer to these magic numbers than 
the product’s, then there will be a neg- 
ative shell-structure contribution to 
the Q values. The correction depends 


sensitively upon the proximity of N 
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rection (10). 

Other corrections might be formu- 
lated to embody other fine character- 
istics of the mass surface that have 
8-10) with 
knowledge of 


been noted However, 
our present 


masses the point of diminishing returns 


nuclear 


sets in very rapidly in the application 
of fine corrections to mass and Q-value 
predictions 

The simple empirical expression for 
mass decrements, Eq. 1, and the de- 
rived expression for reaction energies, 
Eq. 4, 
large quantity of experimental informa- 
They 
predicting 


reveal the general trends of a 
tion. also provide a basis for 


unknown nuclear masses 


and energies They have been used as 
references to facilitate a detailed study 
of the actual mass surface and various 


theoretical mass surfaces (10-12) It 


plications of nuclear energy. 
* * * 


The writer wishes to thank the Reasearch 
Couneil of Florida State University for ita aup- 
port of this work and Mr. Richard Gentry for 
his careful construction of the nomogram. 
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Spurious counts due to humid flow gas 
can be eliminated with proper choice 


of gas and discriminator level. 


of lower ionization 


water—e.g., 


plateaus at 79% 


By GOSTA NILSSON and GUNNAR ANIANSSON 
Division of Physical Chemistry, Royal Institute of Technology 


Stockholm, Sweden 
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High-humidity flow counter 


Proportional Flow Counter 


with High-Humidity Gas 


A PROPORTIONAL FLOW COUNTER, de 
signed to operate with high-humidity 
gas, promises to be useful for measuring 
adsorbed substances on water surfaces 
and T,O from oxidation of tritiated 
organic compounds. 

G-M and proportional counters have 
presented certain difficulties, In meas 
uring the concentration of 


labeled soaps in water surfaces, 


tritium 
the 
counter window and the yas bet ween 
the water surface and window absorb 
a large part of the soft beta radiation 
The distance between the sensitive vol 
ume of the counter and the water sur 
face is also critical A 0.0l-mm varia 
tion of the latter is estimated to give a 
variation in the observed activity of 
about 
surface and window is filled with moist 
air. A windowless 
its sensitive volume extending to the 


% when the gas space between 


flow counter with 


water surface would eliminate these 
difficulties. It has 
ever, at a high 
evaporation from the water 


to operate, how 


humidity since the 
surface 
must necessarily be kept as low as possi 
ble. A description of such a counter 


has not been found in the literature 
There three 


which spurious counts can be produced 


are at least ways in 
by a water molecule, making it unde 
sirable in a counting gas mixture (1): 

1. Its tendency to capture the free 
electrons formed by the ionizing par- 
ticle, producing H,O When such an 
ion arrives at the hizh-field region close 
to the wire, the electron is stripped off 
and a spurious count may result. In 
a proportional counter, the capture of 
primary electrons also results in re 
duced amplitude of the genuine pulses 

2. HOt the 


avalanche or (b) through charge ex 


ions formed (a) in 
change with the counting gas may form 
negative ions (through dissociation or 
electron capture) when reaching the 
cathode, which behave as in R 


3. H.O* 


cathode, may produce secondary elec 


ions, when reaching the 


trons, which discharge the counter. 


Spurious Pulse Reduction 

If the electric field strength in the 
counter is sufficiently high, then 1 may 
not be When 


important. spurious 


counts are produced in this way, they 
are spread out in time and appear in a 
proportional counter as separate pulses 
of lower amplitude than the genuine 
ones It is thus possible to eliminate 
them by choosing a suitable discrimi- 
nator level without losing too many 
genuine pulses. This is not possible 
G-M 


appear with equal size 


in a counter where all pulses 
The pulses from 2 and 3 may, how- 


ever, be sufficiently contemporary to 
build up a single pulse of high ampli- 
tude against which it is more difficult 
to discriminate. Now the mechanisms 
2 and 3 could be completely eliminated 
by using a suitable counting gas of 
lower ionization potential than H,O. 
In this case a charge transfer goes from 
H,O* to the counting gas molecules, 
and, if efficient, this would reduce the 
number of H,O* reaching the cathode 
to such an extent that the resulting 
secondary pulse becomes lower in 
amplitude than the discriminator level. 

Unsuccessful attempts to obtain a 
windowless proportional flow counter 


with a good plateau when water vapor 
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FIG. 3. Proportionality of source strength 
vs Ca**Cl, at 79% humidity 





Gas lonization Potentials 


Gas lonization potential (ev)* 


Water 12.56 
Helium 24.46 
Methane 13.1 
Ethane 11.6 
Ethylene 10.80 
Acetylene 11.2 
Propane 11.3 
n-butane 10.34 


* Values taken from Landolt-Bérnatein 





Plateaus obtained with gases at different humidities 


was present were made with two gases: 
methane and helium + 4% n-butane. 
This may be explained by the fact that 
methane and helium have higher ion- 
potentials than water 
table) and that the small amount of 


ization (see 


n-butane in the latter case could not 
change the properties. 


Successful Attempts 


Subsequent experiments with moist 
ethane, propane, and butane as flow 
gases gave results. 


very encouraging 


These gases all have lower ionization 
potentials than water, and mechanisms 
2 and 3 would be reduced as described 
previously. 

The counter used is shown in Fig. 1. 
The radioactive source was in all cases 
20-me lead-shielded Co® 1 meter from 
the counter. The counting equipment 
vas composed of EKCO H. F. head 
amplifier 1008, pulse amplifier 
type 1008, scaler type 1009, and Lab- 
gear E.H.T. supply unit type D 4019/p. 
differentiation 


type 


Integration and time 
constants were 0.6 yusec, bias, 5 volts, 


gain, 16 x 10%. The flow 
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and gases 


had to pass a washbottle with a con- 
salt thermostated 
at 25° C to get the desired humidity. 
The humidity of the gas was measured 


centrated solution 


with a resistance hygrometer,* and the 
gas flow was in all cases about 5-15 
ml/min. The tube was held at 27° C. 

The plateaus obtained are shown in 
Fig. 2. At 62% relative humidity, 
the curves for ethane, propane and 
butane almost coincide with the curves 
for the dry gases, although the plateaus 
are somewhat shorter. At the same 
much 


7 
4% 


humidity methane 


inferior 


gives a 
helium + 
butane gives no plateau at all. 

At the higher humidity of 79%, the 
three gases still give useful plateaus. 
The reduces the 
counting rate, probably through cap- 
ture of 


plateau and 


presence of water 

electrons by water 
this effect should be 
strength, it 


primary 
molecules. As 

independent of source 
should be of little importance in rela- 
tive measurements. To test this pro- 


portionality to source strength, meas- 


* Developed by 7 
institute 


Westermark of this 


urements were made with propane on 
water solutions of tracer amounts of 
Ca**Cl, in four different concentrations. 
Sodium hexametaphosphate (5 gm/l) 
was added to the solutions to prevent 
adsorption of calcium ions on surface- 
active impurities (2), In Fig. 3 the 
proportionality appears satisfactory 
Ethylene and acetylene, both having 
lower ionization potentials than water, 
were also tested as counting gases. 
With ethylene, no useful plateau was 
obtained even in dry condition, whereas 
with moist acetylene a useful plateau 
The 


seems however to be 


could be obtained sensitivity 
to water 


greater than for the saturated hydro- 


vapor 
carbons. This shows that phenomena 
other than those previously mentioned 
may be of importance in this connec- 
tion but does not contradict the work- 
ing hypothesis that the gas should have 
an ionization potential lower than that 


of water. 
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FIG, 1. 


Windowless counter, preamplifier, and main amplifier 


Very Wide-Range Absorption 


A windowless proportional counter and wide-range amplifier are used with 


absorbers ranging in thickness from below 10 ug/cm’ to above 75 mg/cm’. 


The combination permits identification of particles from 10-kev betas to 


5-Mev alphas. 


Techniques for constructing very thin absorbers are given 


By W. H. BAKER,* M, L. CURTIS, L. B. GNAGEY, J. W. HEYD, and J. S. STANTON 


Mound Laboratory 


Slot 


FIG. 2. Manipulator for lifting thin Form- 


var films with wire loop 
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Viamiasburg, Ohio 


A siIMPLE sysTeM for identifying un- 
known emitters in a mixture of alpha, 
soft-beta, hard-beta, and photon emit- 
ters of small total activity has been 
Three 


the system are: (1) a windowless pro 


developed. essential parts of 
portional absorption chamber so con- 
structed as to hold different absorbers 
in proper geometrical relation to the 
sample; (2) absorbers suitable for use 
in the chamber; and (3) an amplifier 
capable of handling the wide range of 


* Present Appress: Special Devices 
Group, Electronics Division, Westinghouse 


Electric Co., Baltimore, Maryland 


amplitude and width of pulses from the 
These 


shown in Fig. 1. 


chamber. components are 
The system is com- 
has low requirements, is 


pact powel! 


relatively inexpensive (compared with 
pulse-height-analysis systems), and can 
be operated by reasonably inexperi- 


enced personnel 


Windowless Chamber 


The proportional absorption cham- 
ber (1) was fabricated from a standard 
Nuclear 
slide mechanism by replacing the piston 


Measurements Corporation 


with one provided with a recess for 
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FIG. 3. 


Plastic film mounted on ring. 


Counting System 


Absorbers 


tioned between the proportional cham- 


ibsorbers can be posi- 
ber above and a sample of radioactive 
material placed below. By using ab- 
orbers fabricated from various weights 
materials, energies of radiations can 
determined 
rhe piston is provided with passages 
means of which the counting gas 
be introduced beneath the absorber 
izes in the absorber mount 


¢ con- 


ict the gas over the top ol the ab- 


er and permit it to escape through 


proportional chamber, carrying 
th it air introduced during the chang- 


r of absorbers or samples. 


Thin Absorbers 


Absorbers (2) are of two types: (a) 
se weighing less than 35 mg/cm?, 
which are prepared as foils and mounted 
rass mounting rings; and (b) those 
weighing more than 75 mg/cm?, which 


The 


are machined as a single unit. 
mer (thinner ones) will be discussed 


f 


in the 


here 


the latter (thicker ones), 


next section 
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10-100 


made by placing 


1. Plastic-film absorbers, 
ug/cm’. 
a drop of a solution of Formvar-E in 
ethylene bromide on cold (14° C) tap 


These are 


water. After the solution has spread 
and the solvent evaporated, the film 
can be lifted with a wire loop. A 
manipulator is useful in handling the 
films, particularly the very fragile thin 
ones. Figure 2 shows a manipulator 
lifting a loop on which is a film about 
to separate from the water surface. A 
few drops of wetting agent reduce sur- 
face tension of the water, permitting 
the film to The film 


is rinsed by vertical 


eparate cleanly. 
holding it in a 
position and carefully pouring distilled 
water over it; then it is permitted to 
dry. 

The plastic films are made conducting 
by coating the surface with aluminum 
or silver in a small vacuum evaporator. 
Careful manipulation, such as the use 
of a heat shield and the avoidance of 
rapid temperature changes, prevents 
rupturing the films 


A solution containing 2% by weight 


Slots and holes permit circulation of gas 


of plastic gave films in the range of 
approximately 4 ug/em*. These films 
were coated by evaporation of alumi- 
num to a total weight range of approxi- 
mately 10-20 ug/em*. A solution con- 
taining 4% by weight of plastic gave 
these 
coated with silver by evaporation to a 
total range of approximately 
20-100 pe/cem? 

The completed films were transferred 


15-ug/em? films; films were 


weight 


to a ring whose weight had been deter- 





Absorber 


Gas woke 


Spocer 











FIG. 4, Cutaway view shows detail in 
absorption chamber 
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HV. 
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FIG.:5. Preamplifier. All resistors 
grounded. Common ground of the 


the 
gave the 


This intermediate 


mined in advance. Weighing 
assembly. and subtracting 
weight of the film. 
weighing ring was used, rather than the 
final absorber mounting ring, to in- 
crease the accuracy of the determina 
tion and stay within the load limit of 
the microbalance used 

2. Aluminum electroscope-foil ab- 


sorbers, 150-900 ug/cm’. 


uniform, electroscope foils actually vary 


Supposedly 


in weight from 120 to 230 ug/em*. By 
lamination of sheets 
any desired absorber 
obtained, 
were about all that could be assembled 
without undue difficulty 

Klectroscope foil is very difficult to 
handle, but it taut the 
absorber ring to eliminate wrinkles. If 


weight-selected 
weight can be 


Four laminations, however 


must be on 
the absorber is fabricated from lami 
nated foil, the sheet must be taut to 
The foil 
panded by heating it on a Pyrex plate 
When the foil 
was hot, its edges were fastened to the 


eliminate bubbles was ex- 


placed on a hot plate 
Pyrex plate with rubber cement diluted 


with benzene. the foil 
contracted and became taut 


Upon cooling 


The foil was transferred by carefully 
lowering a mounting ring, the edge of 
which was coated with rubber cement, 
onto the foil. 
manipulator. 
yond the edge of the ring was cut and 
the ring, with foil attached, was re 
moved, Laminated sheets were made 
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This was done with the 


The foil extending be- 
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# ~Denotes ceramic cogacitor 


ore '4 watt unless otherwise noted. Center tap of filament transformer must be 


preamplifier is not connected to the chassis 


successfully by this same method. A 
few drops of amy! acetate placed on the 
surface of each layer caused each Buf¢ 
ceeding sheet of foil to adhere. 
Sometimes pinholes in a single-foil 
absorber are objectionable, in which 
case a single thin plastic film can be 
The 
interfaces can be joined by wetting the 
foil 
acetate, after which aluminum can be 


laminated over the mounted foil. 


side with a few drops of amy! 
evaporated onto the film. 

3. Commercial-aluminum-foil 
sorbers, 1.6-35 mg/cm’. 


fabricated easily by cutting the foil and 


ab- 


These are 


attaching it to the mounting rings. 

A complete plastic-film absorber is 
The slots at the 
top and the oblique holes through the 


illustrated in Fig. 3. 


sides of the ring permitted counting gas 
The 


an angle to 


to circulate around the absorber 
holes were positioned at 
prevent the direct escape of radiation 
the the 


chamber 


into sensitive volume of 

When an absorption measurement 
was made, the sample was placed on a 
spacer that rests on the bottom of the 
The 
ring was placed on a ledge that extends 
The 


top of the spacer was 0.075 in. below 


absorption chamber. absorber 


around the inside of the chamber. 


the film, thereby keeping absorption by 
the counting gas (usually 90% argon, 
10% methane) at a minimum and also 
maintaining optimum geometry condi- 


tions. Figure 4 is a top view of the 


ibsorption chamber with a spacer, 4 


sample, and an absorber in place. 


Thick Absorbers 
When thickness 
75 mg/cm? (0.01 in.) it is convenient to 


absorber exceeds 
machine both absorber and mounting 
ring as a single unit from aluminum bar 
stock. As 
creased, the ring must be thinned an 
equal amount to keep the total thick- 


absorber thickness is in- 


ness constant. This is necessary be- 
cause the electrostatic field pattern is 
altered if the distance from center wire 
of the chamber to top of the absorber 


The 


piece absorbers must also be adjusted 


varies. spacers used with one- 


in thickness to maintain a constant 


sample-top—absorber-bottom distance 


Amplifier 
The amplifier for this counting sys- 
tem has these characteristics (3, 4): 
1. High gain so that low-ionization 
events can be recorded, 
2. Wide 


sample may have components ranging 


dynamic range; a given 

in energy from a few kev to a few Mev. 
3. Short-duration pulses to minimize 

resolution loss. 

that events 


will not be lost during recovery. 


4, Nonove! loading 80 


Linearity was not necessary since we 
were interested only in counting and 
not in analyzing. It was desirable for 
the amplifier to be as simple as possible 


consistent with performance. The cir- 
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FIG. 6. Main amplifier. All resistors are 


cuits adopted are shown in Figs. 5 and 6. 

Sensitivity of the completed ampli- 
fier has not been evaluated in terms of 
the energy corresponding to the mini- 
mum detectable pulse. However, the 
maximum energy of lead recoil atoms 
has been measured accurately by ab- 
sorption studies, and absorption studies 
of very weak pulses (from Ra D) in the 
presence of very strong pulses (from 
ta F) have been made (4). 

Maximum signal-to-noise ratio was 
obtained by mounting a single-stage 
preamplifier at the chamber and feed- 
ing the preamplifier output through a 
cathode follower to the input of a three- 
stage main amplifier. Long-time-con- 
stant RC networks, consistent with the 
gain of the succeeding stages, insured 
wide dynamic range (6). The ampli- 
fier sensitivity for the minimum usable 





2. 
1 
“ i 


FIG. 7. Compressor used to limit pulse 
heights to avoid overloading amplifier 
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1g watt unless otherwise noted 


signal-to-noise ratio was approximately 
50 microvolts, and the dynamic range 
was in excess of 6,000. 
Short-duration pulses (7) were 
achieved by using a 1,000-ohm chamber 
load (this aided 
limiting) and by maintaining a reason- 
The 


system resolving time for alpha-particle 


resistor also pulse 


able over-all frequency response. 


pulses on the alpha plateau was approxi- 
mately 4 usec (with a 4-yusec scaler) and 
increased to 12 wsec on the alpha-plus- 
beta plateau. Over-all rise time of the 
amplifier was 0.25 usec, and frequency 
response was down 3db at 500 cycles 
and 2 megacycles. 

Nonoverloading was obtained by 
using a negative-input, direct-coupled 
triode that automatically 
creased the amplifier gain with in- 
creased signal input. The basic circuit 
of this direct-coupled pair has been 
used at the M. I. T. Radiation Labora- 


Circuit simplicity permitted 


pal de- 


tory (8 
economic construction 

The circuit, shown in Fig. 7, limits 
in an exponential manner without 
blocking or 
A negative signal at the input grid 
decreases the current in the first triode, 


appreciable undershoot. 


applying a positive pulse to the second 
grid. 
current through the second section of 
the dual triode, driving its plate voltage 
toward zero and thereby causing a nega- 
tive pulse to appear at the output plate. 
A large percentage of this pulse (70- 


This positive pulse increased the 


95%) was fed back to the second grid. 
This feedback limits the grid swing of 
the second section to approximately 
0.5-1 volt for a 10-volt input signal. 
Since the output of the input section is 
limited to about 10 volts, the negative 
output pulse is limited to approxi- 
mately 10 volts. The 
resistor Ry also contributes to limiting 
because one-third of the voltage at the 


common load 


plate of section one is opposed to the 
negative output pulse of section two. 
Power supply requirements include 
a constant-voltage, center-tapped sup- 
a 250-volt d-c, 


35-ma regulated supply; and a 0-2,500- 


ply for the filaments; 


volt d-c ionization-chamber supply 
* al + 


thia research 


operated by 


Mound Laboratory, where 
Monsanto 
Alomic 


AT- 


was conducted, is 
Chemical Company for the U. &. 
Energy Commission 


33-1-GEN-63 
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Trace-Quantity Analysis: 


Neutron Activation Applied to 


Potassium-Mineral Dating 


Measuring A*’ content of potassium minerals determines their age. 


Exposing 


only separated argon in reactor eliminates the possibility of forming com- 


plicating radioisotopes. 


on purity of separated argon. 


s 


vr 


By A. MOLJK, R. W. P. DREVER, and S. C. CURRAN 


Department of Natural Philosophy, Glasgow University, Glasgow, Scotland 


AGE OF POTASSIUM-CONTAINING MIN- 
ERAIS can be determined by measuring 
the amount of radiogenic argon, A” 
contained within a 


potassium, provided that the argon has 


known mass of 
not escaped in appreciable amount, and 
provided that the branching ratio and 
half-life of K* are known 
Neutron-activation 
means used in this study for determin- 
ing A*, Only the A is exposed in a 
reactor, to 
complicating radioisotopes from con- 
stituents of the solid mineral. Effec- 
tiveness of the separation method in 


analysis is the 


avoid the formation of 


yielding uncontaminated A is checked 
by following sample decay and by com 
paring its radiation to that of a calibra 
tion sample of pure A. The calibration 
sample also is used to determine the 
constants involved in reactor irradia 
tion and in the counting instruments 

On account of the relatively slow de 
cay and the low abundance of K* in 
potassium, the amount of A* produced 
10° yr old is of the 
total 


in minerals about 
order of 1 
potassium. 


44 


ppm by weight of 


This represents a fairly 


difficult problem in gas analysis, but 
such analysis has been satisfactorily 
performed in several instances (1-4). 
At the 
found in minerals 10° yr or less in age 


lower argon concentrations 


the difficulties are greatly increased 
It is in this region that a neutron- 
activation method (4) appears to be 


very useful, 


Neutron Activation 

In application of this technique the 
chief difficulties are avoided by pre- 
treating the mineral to yield A” as a 
gas. Irradiating this gas leads to con- 
verting some A* to A*! by the (n,y) 
reaction. Because the decay period 
of A*' (a 1.5-Mev beta emitter) is 1.8 hi 
the irradiation must last several hours 
say 4-10, for nearly maximum radio- 
activity. If effective neutron flux is ¢ 
and bombardment time is long com- 
pared with the half-life, the activity 
produced is ogn, where o is the in 
tegrated cross section and n is the num- 
ber of A 


measuring the activity subsequent to 


atoms irradiated. sy 


activation, and knowing og, the value 


Monitoring sample of pure argon is used to check 
Method can measure 30—40 > 10° gm of A* 


of n can be obtained. In practice ¢ 
and o are not considered separately. 
The product a¢ is, in fact, determined 
experimentally by irradiating a known 
amount of pure argon in a quartz con- 
tainer placed in the reactor near the 
sample of radiogenic argon. Com- 
parison with this monitoring gas allows 
us to estimate closely the amount of 
radiogenic A* that had been released 
from the mineral. 

Knowledge of this value yields us 
For specimens of age 
than the half-life 
of K* we can substitute in the general 
—AN dT, the 
values n for dN and t for dT, giving us 
n A\,.Nt. Here n (amount of A*®) 
Ax (partial decay constant for K-cap- 
ture), and N, (original number of K* 
atoms) are known; therefore ¢ can be 


specimen age. 
t, very much less 


decay equation, dN 


calculated. In practice only a definite 
known fraction of the A“ is irradiated. 

The gas liberated from the mineral 
is exposed to the neutrons rather than 
the mineral itself, since otherwise a 
radioactive 


this 


number of complicating 


elements are created. By 
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cedure impurities are avoided to a large 
extent. Two sources of error must be 
guarded against. They are: atmos- 
pheric contamination of the sample, 
ind solids entering the sample vessel. 

If atmospheric argon is present as 
a contaminant, an erroneously high 
amount of A* will be produced. 
Atmospheric argon can be traced by 
searching for evidence of A®” in the 
irradiated material. This isotope 
would be formed by (n,y) reaction 
with A**® and is easily identified in a 
proportional counter because it emits 
only homogeneous K-capture radia- 
tion. In addition, the 37 day half-life 
is a useful identifying characteristic. 
Unfortunately, perhaps this test is not 
entirely satisfactory, as A*®” is also 
formed in an (n,a@) reaction with Ca®, 
which is present in potassium minerals, 
at least as a radiogenic element. The 
absence of A*’ in the irradiated sample 
of gas is nevertheless conclusive proof 
that both calcium and atmospheric 
argon are absent and sufficient indica- 
tion that the gas is radiogenic argon. 

The (n,p) reaction with K* (6.91% 
abundant) yielding A*! makes the pres- 
ence of solid potassium, even in minute 
quantity, particularly undesirable. 
The most critical point in gas-sample 
preparation is the need to keep all solid 
material out of the vessel. 

The mode of preparing test samples, 
explained in “ Preparing Gas Samples,” 
right), was designed to overcome the 
experimental hazards of atmospheric 
contamination and solid carry-over. 
Results indicate that there were no 
serious difficulties in doing so. 


Measurements 

Samples were irradiated for 4 hr at 
the Atomic Energy Research Establish- 
ment at a flux of 10-12 K 10" n/cm?/ 
e Measurements started at Glas- 
vow 6 hr after terminating irradiation. 
The delay was not altogether a hin- 
drance, as all the possible rather short- 

ved activities had disappeared before 
observations commenced. 

The quartz irradiation vessels were 
fairly strongly activated (equivalent to 
several mc). They were placed within 
the assembly shown in Fig. 1. This 
assembly was connected to the propor- 
tional counter, and to its filling system. 
The sample was passed into the coun- 
ter, together with a mixture of argon 
and methane. Counter gain was such 
that, by reference to calibrating X-rays 
from a source of Ge”, all beta particles 
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Preparing Gas Samples 


---- Wradiation container -~------------ 


To 
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QUARTZ APPARATUS for obtaining A‘*® gas from KCI by fusion 
(left) and by dissolving in water (right) 


The mineral used in testing the method was sylvite, KCI, obtained from 
the Stassfurt deposits. The gas was released in two different ways, (a) by 
salt fusion, and (b) by dissolving in pure water. The fusion method gives 
less contamination. 

Fusion. Apparatus for collecting the gas when salt fusion is used is 
shown at the left above. It ia degassed at roughly 1,000° C before use, 
The irradiation container is shaped to fit the cans used at Harwell. Its 
volume 18 kept as large as possible relative to that of the whole apparatus 
Volumes of the various parts have to be known accurately to calculate the 
gas fraction actually irradiated. 

The crystal holder is filled with selected crystals and the bottom is con- 
stricted. Then the holder is pumped down to 10~* mm Hg and sealed. 
The whole apparatus is put in a furnace and the mineral crystals melted, 

i fter gentle rocking for about an hour at fusion temperature the apparatus 
18 allowed to cool 

Next, the irradiation container is thoroughly evacuated through the side 
tube and the tube sealed, At this stage the weight within the neck is used 
to break the thin spiral seal on the upper end of the holder. The radiogenic 
gas then is shared between the two vessels. Then, the side tube is used asa 
liquid-air trap. Gas in the irradiation container is finally sealed by heat- 
ing the constricted neck. 

Dissolving. Apparatus used in liberating the argon by dissolving in 
water (right, above) ia rather similar to that just described. The erystal 
holder is filled with crystals, constricted at the top, pumped out, and 
immersed in liquid air. Water is distilled into the holder from a large 
crystal of water, specially prepared from degassed water, The holder then 
is sealed 

Next, the liquid air is removed and the crystals naturally dissolve in the 
water. The apparatus is shaken vigorously and the holder again inserted 
in liquid air. After evacuating the irradiation container and sealing the 
evacuation tube, the spiral seal is broken. T'he argon then distributes 
between the two vessels. The irradiation container is sealed, Liquid air 
around the crystal holder traps water vapor there 
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FIG, 1. 
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Assembly for filling counter with irradiated-gas sample has a liquid air 


trap. Sample container is put in assembly, assembly evacuated and spiral seal 


broken, using weight. 
passes into U-tube. 
counter-filling system 


over 100 ev in energy were detected. 

Activity decay was followed for be- 
tween 12 and 24 hr in different runs. 
Decay time (Fig. 2) agreed closely with 
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FIG. 2. Linear semi-log decay curve shows 
purity of A*’ produced by (n,7) reaction 
on A®, The A*® sample was obtuined 
from fusion of sylvite 





An Alternate Method 


We have concentrated here on 


using A“ produced from A*® 
It is possible that even more relia 
ble data could be obtained by using 
the (n,a) reaction on radiogenic 
Ca”, The A®™ produced in this 
process is eminently suitable for 
analysis even in extremely small 
amounts, and control samples 
could be used lo insure procedure 


reliability 





Stopcocks are preadjusted so that definite fraction of sample 
Gas is cooled by liquid air and then released into the evacuated 


the known value for A“*. About 24 hi 
after the initial observations were com- 


pleted, a search for the possible A” 


peak at an energy of about 2.6 kev was 
carried out with a Hutchinson-Scarrott 
type of kicksorter. 
that if the sample were prepared by the 


It was established 


fusion method, atmospheric argon con- 
tributed <5% of the A® yield. Ob- 
serving the ratios of A*’ to A*' for the 
mineral-derived argon and the pure- 
argon calibration sample served as a 
reliable method of estimating the 
amount of contaminating atmospheric 
argon in the mineral-derived gas. 


Results and Discussion 

Mineral age was found to be 6 & 10’ 
yr. Branching ratio for K-capture was 
taken as 11% (two very recent meas- 
urements done in this department lie in 
12%) and half-life for K* 


decay was taken as 1.3 X 10° yr. 


the range 11 


The method of dissolving in water 
appeared to give less reliable results. 
Some of this 


doubtedly be 


uncertainty could un- 


ascribed to increased 
contamination 

It would appear that the method of 
dating by neutron activation is entirely 
practicable and relatively simple, and 
that estimation of ages down to about 
10* yr could be achieved. The moni- 
toring sample of pure argon seems to 
act asa very adequate safeguard against 
impurities. At present the main diffi 
culty encountered is in regard to the 
final sealing off of the irradiation vessel. 
If any of the solid material can settle 
near the sealing point then the ur 
avoidable heating during sealing can 


release this into the irradiation vessel 


We are 
lower limit of age detection at about 
10° yr, 
This age measuring 
30-40 K 10~* gm of A”, the amount 
obtainable from some 10 gm of sylvite, 
KCl. 

It is necessary to make a few remarks 


inclined to set the practical 


while this possibility remains. 


corresponds to 


regarding the discrepancy between ex- 
pected age, about 10* yr, and measured 
6 X 10° yr 

with 


age The sample crystals 


were small some tendency to 
crumble, and argon could possibly have 
Most 


potassium- 


escaped before analysis began. 
recent measurements ol 
containing minerals have shown about 
the same amount of discrepancy, sug- 
gesting a source of systematic error 
this 


Wasserburg 


examination begun 
and Hayden (6) have 
demonstrated that it is difficult, but 


certainly possible, to insure complete 


since Wis 


collection of argon from minerals. 

It would appear from our own work 
that adsorption of the gas on surfaces 
is the most probable cause of inefficient 


A monomolecular layer of 
4 


collection. 
argon corresponds to about 0.25 & 10 
cm per cm? at standard temperature 
and pressure. The nature of the crys- 
tal and quartz surfaces may be such 
that effectively large areas are available 
as adsorption sites after the argon gas 
Previous out- 


has been liberated. 


gassing does not improve matters in 


this respect. Some further adsorption 
studies are required, but in any event 
the relative values should prove relia- 
ble, and a correction factor applied to 
yield fairly accurate 


these should 


absolute age values. 


* + 


Ross« rT 
vising 
indebted 
Harwell, 


expert 


The authors wish to thank W. G. V 
for his preliminary work and for supe 
the sample irradiation They are 
to the Isotopes Division at AERE 
for their generous cooperation in the 
ment One of us { M.) would like to 
thank the University of Ljubljana fo 
and Professor Peterlin for hia 
cooperation Thanks are due to J. Kennedy 
for his work on the quartz and glass apparatus 
One of ua (R. W. P. D.) would like to 
jinancial support of 
ntific and Industrial 


leave 


of absence, 


acknowledge the 
the Department of Scie 
Research 


BIBLIOGRAPHY 


sell, H. A 
K. Mousuf 


Shillibeer, R 
Phys v. 91, 


Mousuf, Phys. Rev. 88, 150 (1952 
Inghram, H. Brown, C. Patterso 
Phys. Rev. 60, 916 (1050 

Aldrich, A. O. Nier, Phys. Re 


Hess 

L. 7 

1048 

irran, Quart. Revs. Londor 

J. Wasserburg, R. J. Hayden, Phys. Ra 
93, 645 (1054 


February, 1955 - NUCLEONICS 





DS2 BINARY SCALING UNIT 
Front View 


y aa 


Top View 


DS2 Binary Scaling Unit 


The above top view shows the 
connectors which allow easy inte- 
On the DS2 
Binary Scaler there are connectors 
for (1) high voltage input, (2) pulse 
input from another scaling unit, 
(3) pulse output to oscilloscope 
and other parallel instruments, (4) 
power and input connector for pre- 


gration of units. 


amplifier or scintillation counters, 
(5) scaler control panel, (6) posi- 
tive pulse output for driving regis- 
ter, (7) negative pulse output to 
drive other succeeding scaling 


units. 


™ 
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ee 


DV1 Regulated 
High Voltage Supply 
500-2000 volts continuously vari- 
able, negative ground, regulation 
0.1% at 1 ma at 2000 volts. 
Chrome-plated chassis with baked 
enamel panel, large 4%" meters. 
All tubes operate well within their 
maximum ratings. All high-volt- 
age transformers are hermetically 
sealed. Output terminals are dual, 

use with coincidence circuits. 


ce el 
ees 
$ e ” 


DM! Counting Rate 
Meter Unit 
A precision instrument with full 
scale ranges of 200, 600, 2000, 
6000 and 20,000 CPM and adjust- 
able input sensitivity. Connectors 
on rear for (1) a high voltage sup- 
ply, (2) parallel measuring equip- 
ment, such as a scaler, aural mon- 
itor, or oscilloscope, (3) any com- 
mercial recorder, such as the Model 
DW7 and (4 


scintillation counter. 


a pre-amplifier or 
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IN NUCLEAR ELECTRONICS 


SOLVE COUNTING PROBLEMS 


“" DETECTOLAB’S 


BUILDING BLOCKS 


Detectolab’s nuclear electronics Building Block Plan was de- 
signed to supply you with individually flexible units to meet 
most counting problems with accuracy, speed and economy. 
With Detectolab equipment, once the counting job changes 
you have the flexibility of equipment to change to a new 
set-up with a minimum of time and no new initial expenditure 
for new instruments. With a simple rearrangement of cables 
between units your change-over is complete. You can imme- 
diately start your next program. Possible arrangements are 
numerous. We invite your inquiry as to the best and most 
economical arrangement of equipment to meet your problem. 


Detectolab instruments are not only versatile, but precision 
engineered for extreme accuracy and stability. Every instru- 
ment, every accessory from Detectolab is fully guaranteed. 
Detectolab is the only company fully equipped to produce 
everything from a simple vacuum tube to a multi-channel 
analyzer such as the Detectolab DZ18. 


Whether your need is for stock equipment or specially de- 
signed and engineered equipment, Detectolab can give you 
efficient, fast and economical service. Be sure to contact 
Detectolab to help solve your instrument problem. Write to: 
Detectolab, Inc., Dept. N-1, 6544 North Sheridan Road, 
Chicago 26, Ill. Detectolab Instruments are Fully Guaranteed. 


Detectolab, Inc. 
an affiliate of Borg-Warner 


DA3 Linear Pulse Amplifier 


This amplifier is designed for am- 


DZ16 Precision Pulser 


A precision voltage pulse generator plifying small pulses from a scin 


constructed on a single panel. tillation counter, proportional 


Pulse height is variable over 5 
ranges (1, 3, 10, 30 and 100 mv.) 
with each range divisible into 
1,000 parts by a 10 turn helical 
Output pulse, 
either positive or negative, has a 


counter or similar device, to a 
level where the pulses can be seen 
on an oscilloscope and counted 
with a scaler or counting rate me 
ter. The DA3 Linear Pulse Ampli 
fier is a complete instrument in 


potentiometer. 
rise time of less than 10-* seconds. itself and may be connected to 
The decay time is 350 micro- other instruments other than as- 


seconds sociated “Building Blocks.’ 
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PROPORTIONAL SAMPLER for liquid wastes 


Proportional Liquid Sampler 


By JOHN M. RUDDY 


Architectural Planning Division, Brookhaven National Laboratory 


Upton, New York 


To regulate liquid wastes, which 
actually are or potentially may be con 
taminated with radioactive or poison- 
ous materials, requires a reasonably 
accurate knowledge of the type and 
quantity of the substances involved 
Adequate control of these wastes can 
be provided by proportional sampling 
of the flow and, based on the potential 
hazard involved, they can be discharged 
to holdup tanks or directly to the sewer. 
The proportional 


here is adaptable for use where low and 


sampler described 
intermittent gravity flow is a problem. 

As an approach to this problem of 
sampling, several types of commercial 
gravity-flow-controlled equipment were 
investigated, and the best one for flows 
under 10 gal/min was selected for trial 
This unit would not operate properly 
under | gal/min, however, andat higher 
rates it occasionally stopped from small 
amounts of foreign matter in the meter 
control line. 
tory sink drains is variable, the wastes 
therefore often trickled for 
hours without sampled. This 
fact and several years experience pro- 
vided a better definition of the condi- 


As the flow from labora- 


through 
being 


tions of operation and data with which 
to develop an effective proportional 
sampler for variable low flows 
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From this data, the following general 


design criteria were established for 


a proportional, gravity-flow, liquid 
waste sampler for chemical, biologi- 
cal, and medical laboratories using 
radioisotopes: 

1, Accurate (+5%) foolproof opera- 
tion gravity flows between 0 and 10 
gal/min. 

2. Rugged, simple construction. 

3. Ease of attendance. 

4, Self-powered, if possible. 

5. Economical initial cost (less than 
$200). 

6. Maximum flexibility of size and 
installation. 

7. Minimum hydraulic gradient loss. 

8. Ratio of sample to total effluent 
of 2 cm®/gal (about 1 to 1,900). 

9. 50-gal tank working capacity 

To evaluate these design criteria, a 
pilot model float-actuated sample dip- 
per in a self-syphoning tank was engi- 
built, the 
effluent line of a chemical laboratory 
hot cell. 


The sampler consists of a 


neered, and installed on 


100-cm# 
dipper on one end of a hollow arm with 
a ball float fixed on the opposite and 
heavier side; the entire unit rigidly 
pivots on a hollow shaft mounted across 
a self-syphoning receiving tank. As 


the tank fills, the float raises, pushing 
the dipper under the surface, filling it 
and part of the hellow. shaft with 100 
cem* of the liquid-waate. Updénh filling 
to 50 gal, the tank self-syphdns; the 
heavier float end raises the dipper, dis- 
charging all the fluid collected through 
the hollow arm and hollow shaft to a 
This 


peats as rapidly as required and is accu- 


sampling container. cycle re- 
rate for flows where the influent rate is 
ndt in excess of 10 gal/min (20% of the 
effluent rate of 50 gal/min whensyphon- 
ing). Where hydraulic gradient or flow 
is not satisfactory for self-syphoning, a 
sump-type pump can and has been used 
to empty the tank when the 50 gal 
mark The final 


precise adjustment of dipper quantity 


has been reached. 
is made by notching the cup lip or by 


This 
used to change the ratio to a higher 


drilling holes. method is also 
one, such as | cm’ per 50 gal. 

The tank design details provide a 
mounting bracket for an electric motor- 
the type of 


effluent requires this, whic} 


driven agitator in case 
would be 
started and stopped by means of micro- 
switches actuated by the float arm or 
shaft. 


need as yet for agitation at six installa- 


However, there has been no 
tions that have been in operation for 
several years. 

The present sampler mechanism is 
made of brass with stainless steel hard- 
ware, but it can be made of any mate- 
rial depending on waste to be sampled. 
The tank is fabricated of 44-in 


welded, and with bituminous coating 


steel, 
inside and out. The automatic syphon 


is a standard commercial plumbing 
item and the sample container is usu- 
ally a 5-gal glass jug. All sampler in- 
stallations are preceded by neutralizing 


With 
the exception of minor clogging at the 


tanks to reduce acid conditions. 
biological laboratories, due to organic 
matter in the waste, all sampler instal- 
lations have operated effectively and as 
intended at all type of laboratories and 
“hot” laundry. At 


laboratories it would be 


at a biological 
desirable to 
have, in addition to neutralizing tanks 
and preceding them, some type of 
coarse screen to remove organic matter 
larger than 4¢ in. 
* * . 

This work was performed under contract 

to the U. S. Atomic Energy Commission. 
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How Drill-Hole Diameter Affects 
Gamma-Ray Intensity 


By SEYMOUR C. HYMAN, * 
BERTRAM MINUSHKIN, and 
JEREMIAH CERTAINE 


Nuclear Development Associates, Inc. 
White Plains, New York 


The gamma-ray intensity in a cylin- 
drical hole in a radioactive ore body is 
shown to be independent of hole size 
in this article. The experiments and 
confirming theory are presented. 

Fearon (1) has shown that inten- 
sity should be independent of hole size 
and shape, but reservations are some- 
(2). Sakakura has 
intensity 


times *xpressed 
that gamma-ray 
should increase slightly with increasing 
(3). He proposes that 
intensity = C(1 + Ka"), where a 
is the hole diameter and C, K, and n 
The present work 
shows that gamma-ray intensity should 


indicated 
hole diameter 


the 
are constants. 
be independent of hole size. 


Experiment 

The detector used was a scintillation- 
counter probe. Its angular sensitivity 
was measured with a small source and 
is shown in Fig. 1. Measurement of 
the azimuthal sensitivity in the hori- 
zontal plane from 0 to 360 deg showed 
no variation. Figure 2 shows a check 
made of the applicability of the inverse 
square law to the probe. 

With these data it was possible to 
compute the response expected from 
The 


calculated intensities agreed well with 


nts on a cylindrical locus. 
data obtained experimentally from a 

yurce placed 12 in. horizontally from 
the probe and at various vertical 
distances 

An experiment was performed to 
determine the minimum thickness of 
re needed to establish full gamma in- 
Mock drill holes 


made at the center of a 34-in.-high 


tensity in the hole. 
22-in.-diameter drum bv filling ura- 
nium-bearing ore around a thin galva- 
nized iron sheet rolled into a cylinder. 
G-M and ratemeter readings were taken 
inside the holes with and without the 
drum being surrounded by six addi- 
ore-filled drums. No effect was 


4-in. holes, but a 


tiona 


swerved on 2 and 


* Also, Department of Chemical Engineer- 
ng, City Co lege ot New York. 
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FIG. 1. Angular sensitivity of scintillation 
probe; note low relative sensitivity at high 
angles 
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FIG. 2. Result of check of inverse-square 
response of probe and source used in 
measuring angular response of Fig. 1; 
note that initial slope is only 1.7 


12-in.-diameter hole having a 5-in, wall 
showed a sharp increase (from 0.13 to 
0.22 mr/hr) when the six drums were 
placed in position. It was concluded 
that a 10-in. wall of ore was effectively 
infinite within the sensitivity of the 
G-M probe used. This is reasonable 
since 10 in. of ore will absorb 95% of 
2-Mev gamma rays. For the experi- 
ments on the effects of hole size a 12-in. 
wall was used. 

To isolate the effect of hole diameter 
on radiation intensity we had to estab- 
lish a constant angle of view for the 
probe. It was also necessary to ac- 
count for the varying contribution due 
to varying thickness of radiating ore by 
keeping the wall thickness constant. 

Figure 3 shows the experimental ar- 
rangement. It is evident that @ is the 
true angle of view. When varying 
the radius of the hole, @ was kept con- 
stant at 54 deg by changing the height, 
H, 

Using the constant-angle-of-view ar- 
rangement, measurements were made 
of the radiation intensity as a function 
of hole diameter. The results, in 
the table, summarize many individual 
readings all within 3% 
Intensity changes only 5% for a change 


constant 


in hole diameter from 2 to 12 in. (a 
factor of 6), demonstrating that radia- 
tion intensity is independent of the hole 
size. The small remaining differences 
may well result from variations in ore 
packing from one hole to the next. 


Mathematical Analysis 


Given a hole (spherical or infinite 
cylindrical) with walls of interior radius 
a and exterior radius b containing radi- 
ating material, attenuated at the rate 
k em™ and of intensity 7 produced by 
unit source strength per unit volume at 
unit distance, then the radiation at the 
center of the hole is 


I (a,b) = [re MPrOd V (OY)? 





Radiation Level in Three Holes 


Ore-layer dimensions 


Diameter (in.) 


Total height (in.) 


Hole 


12 in 


,m 


Radiation level (mr /hr) 


0.197 
0.208 
0.223 0. 230 























FIG. 3. Experimental geometry insures a 
constant angle of view. Angle @ is 
bounded by lines that each have 1!2-in. 
length of intersection with the ore layer. 
Ore region bounded by LJW is: less than 
full thickness, at high angle (low instrument 
sensitivity), farthest from detector, and 
shielded by lead sheet. Thus its contri- 
bution to detected intensity is small. This 
was also demonstrated experimentally 


assuming isotropy and the inverse- 
square law. We show that J(a,b) is a 
function only of the wall thickness b — a 
and, further, is independent of the size 
of the hole for thick 
We also give an expression for J(a,b) in 
terms of the quantity k* k(b — a), 
I (a,b) 


infinitely walls. 


which allows one to calculate 
very easily for smal! k* 

Spherical hole. 
we use an elemental spherical shell of 
volume 49r*dr. Then (OQ) = r, (PQ) 
=r — a (Fig. 4), and 


For this integration 


I(a,b) = 4rle* [’. kr dr 


= (4nr] k l é 


= 4rl(b a) | 


FIG. 4. Spherical hole, showing element 
of volume used in integration 


50 


Clearly J(a,b) is a function of b — a 
only while I(a, «) in! /k, independ 
ent of a. 
Cylindrical hole. 
tion we use an elemental ring of vol- 
Then (OQ) Vr 


— a)(+/r? + 22/r) (Fig 


For this integra- 


ume 2nrdrdz. 
and (PQ) = (r 


5) and 
b “ 
inl [ rdr | 
a 0 


kV 7? + 24/r)(r a) 


I(a,b) = 


T T 2° 


dze 


Substituting z r tan 6 and changing 


the order of integration 


T (a,b) == al fr ao [’. k(r—a) e008 dy 
J a 
w/2 
= (4m /k) | do(\ 
0 


ev hlb-a) 00 9) eos @ 


> 


cos Oe k® see 0 dé 


Letting u = sec 6, one obtains for the 
integral in the preceding equation 


/2 
f cos Ge ** ree © dé 
0 


a 

l 

i te~™ dt and the modi- 
0 


fied Bessel function 


Since 1/u* 


Kyla) = if (du e~*)/+/u? 


we obtain, using a dummy variable, ¢ 


C 6 ” du e~k*+0 ; 
I, tat f Ae Vv u 


ky tK o(k* + t) 


Now 


Ce iy (k* + t~k*)Ko(k* +0) dt 
0 


‘by vKo(v) ad R* / z Ko v) dt 











oe 


A 
/ 








| , 
o¥ 
| 

















kr > 


FIG. 5. Cylindrical hole, showing element 
of volume used in integration 


Since (vKo'(v))’ = 
— Ko‘ (v) then 


where t k* +1. 


vKo(v) and K,(v) 


Hence 


- vK, v))’ dt 


C = k*K,(k* k*n/: 


“* - 
++ ke Ko(v) dv 
0 


Kolv) di 
0 


= da | e** du/V/ wu at 
0 i 


/ du/u Vu? — l 
l 


arcsec u 


F n/2. 
1 

and K,(v) 
extensively tabulated and are asymp- 
totic to e- V 7/21 for For 
small values, on the other hand, they 


The functions Ko(v) are 


large v. 


become indefinitely large and the fol- 
lowing expansions (4) are of use. 


« 
‘ 


k*K \(k*)/k* (nT’,(k*) 


i 
n=l 
1 /2\(k*/2) 2-11 
k* 
i Ko(v) di 
0 
[7’,,( 5%) + ] (2n 
I(v) 
T,.(v) 4 


Int 


where T,,,(v) 1/(n+ 1) and 
T'o(v) 0.11593 


We may now express our result as 


I (a,b) for l(b a)(r 2 


+ S(k*) — I(k*)] 


Conclusions 


There is no effect of hole size on 


gamma radiation intensity for holes 


of 2-in. to 12-in. diameter. The ge- 
ometry used in this experiment gave 
readings due to change in hole diam- 
eter only, since angle of view and wall 
thickness were held constant. 

For a radioactive ore consisting pri- 
marily of silica, a wall thickness of 10 
in. acts as an infinitely thick radiator. 

Under assumptions of isotropy and 
the the 


matical analysis shows that radiation 


inverse-square law, mathe- 


intensity is independent of hole size 


for spherical and cylindrical holes. 
> * . 


We acknowledge the cooperation of R. 8. 
Foote and H. LeVine of the AEC in making 
the scintillation counting instrument available 
lo ua. 
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For more compact 
radiation shields... 


use MALLORY 1000 METAL 


, to its superior absorption 
characteristics, Mallory 1000 Metal 
does a more effective job of radio- 


INCHES OF 
MATERIAL REQUIRED ave eae 
ALUMINUM active shielding in less space than 
TO REDUCE lead .. . permits shields to be made 
GAMMA RADIATION considerably smaller. 
BY FACTOR OF 10 


As the test curves show, Mallory 
1000 rates 40° higher than lead in 
absorption efficiency in the most 
commonly used energy ranges. 
Even at 100 MEV it has 20% 
greater efficiency. 


> FF Anwwoo 


Extensive testing by our technical 

staff proves the superiority of 

Mallory 1000 for the shielding of 

cyclotron and synchrotron radia- 

tion, and for the storage of radio- 

active isotopes. A high density, 

NARROW | BEAM RADIATION homogeneous alloy of tungsten 

developed by Mallory metallur- 

gical research, Mallory 1000 has a 

tensile strength over 100,000 psi, 

It is readily machined, takes a high 

3. 4. 5. 6.769.10. 20. 30. 40. 50.60.70.609010¢ finish, and weathers well. Its prop- 

ENERGY (MEV.) erties are carefully controlled to a 

high degree of uniformity ... 80 you 

can rely on specified rather than 
“typical” characteristics, 


INCHES OF MATERIAL 


Ww 
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SMALLER COUNTERWEICHTS... STABLE ROTORS... 


Density of Mallory High density and 

1000, 16.96 grams freedom from objec- 
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ed ee of mass into small - Mallory 1000 ideal isotopes... lists gamma ray 
Ya volume. Yi or efficient, energy levels, absorption coefli- 
( Y He i, , a Commpant eters. cient of Mallory 1000, and thick. 


ness of Mallory 1000 required 


A newly published edition of 
our Technical Bulletin gives data 
on the performance of Mallory 


to reduce incident energy to 1/2 
and 1/10 of its original level 
Write today for your copy. 


. Toronto 15, Ontario 
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FIG. 1. 


Counting assembly is attached to pressure-cell lid. 


O-ring 
: ~Anthracene 


Cell, coated with black 


Tygon paint, is 3-in.-dia Pyrex pipe, 7% in. long; gas inlet and outlet are on stainless-steel 
lid. Vapor in cell is stirred with magnetic Teflon-clad rod and externally mounted mag- 


netic stirrer. 


cene crystal sealed in | "4-in.-dia Lucite rod. 


Counting assembly (above and right) utilizes 1-in.-dia, !4-in.-thick anthra- 
Phosphor and cell-lid temperatures are kept 


above dew point of water by Variac-controlled 250-watt infrared heat source 


Scintillation Counter 


for Vapor-Phase Analysis 


By K. L. MAI* and A. L. BABB 
Department of Chemical Engineering 
University of Washington 

Seattle, Washington 


Several techniques utilizing radioiso- 
topes have been described for continu 
ous analysis of liquid or vapor phases 
(1-8). This 
plication of a 
technique (9) to the continuous analy 


paper describes the ap 


scintillation counting 
sis of a vapor phase containing CO, 
HS, and water. 

This method was de. 
tate vapor-liquid 
the system Na,O-CO,-H,S-H,O (10). 
In this system, the liquid phase con 


cal bon dioxide 


eloped to facili 


measurements on 


tained sodium sulfide 
and sulfide 
water, and the vapor 


hydrogen dissolved in 
yhase contained 
carbon dioxide, hydrogen sulfide, and 
water. At conditions of equilibrium 
the composition of the liquid phase 
could be continuously determined from 
conductivity and pH measurements 
To establish the composition of the 
and 


* Praesent Appress: The Procter 


Gamble Co., 


Ohio. 
52 


Overseas Div., Cincinnati, 


vapor at equilibrium, however, either 
the partial pressure of carbon dioxide 
Poo,, or the partial pressure of hydro- 
gen sulfide, Pay, had to be known in 
addition to the total pressure, 7, which 
was measured, and the partial pressure 
of water, Pay, which was calculated 
Moreover, to ob- 


tain vapor-liquid equilibrium data over 


from Raoult’s law. 


wide ranges of temperature and pres 
sure, it was desirable to have a method 
whereby either Peo, or Puy could be 
determined continuously without dis 


turbing the system by withdrawing 
samples of the vapor for analysis. As 
a result, a scintillation counting tech- 
nique was adopted so that by using 
hydrogen sulfide tagged with S** in 
the vapor, Pay, and hence the compo 
sition of the vapor could be obtained 
from a measurement of the total radio 
activity of the vapor. 

In preparing the radioactive vapor 
8 me of sulfur-35 in the form of hydro- 
gen sulfide (5 cm*) were obtained 
through Tracerlab, Ince. This 


rial was diluted with about 8 moles of 


mate- 


hydrogen sulfide (99.7% purity) by 


evacuating a 1,200-cm’ stainless-steel 


cylinder and then transferring first the 
tracer and then the diluent over into 


the cylinder by means of dry ice-ace- 
tone refrigeration. The hydrogen sul- 
fide thus 4.46 


10-* me per em® of 5* at standard con- 


obtained contained 
ditions of temperature and pressure, 
The carbon dioxide used had a purity 


of 99.8%. 


Calibration Experiments 


The optimum operating voltage for 
the sealer and scintillation head, deter- 
mined with astandard cobalt-60 source, 
was 1,260 volts, d-c 

To obtain a calibration curve of epm 
versus Py,s, the pressure cell was placed 
in a thermostat, evacuated, and then 
background counts were taken over a 
Although the back- 
with 


period of 2 hr. 


ground counts varied slightly 
temperature, they were of the order of 
80 cpm. Then a small amount of the 
tagged hydrogen sulfide was introduced 
into the cell total 


P43) and the radioactivity of the gas 


and the pressure 
phase, cpm, were recorded after steady- 
state conditions had been established. 
This procedure was continued until a 
range of pressures of H.S from 50 to 
800 mm of Hg had been covered for 
temperatures of 20, 35, 50, and 65° C 
over the above pressure range. 

At the end of each series of runs ata 
given temperature, the tagged hydro- 
gen sulfide was displaced by a stream 
of carbon dioxide and scrubbed in a 
cadmium sulfate solution. The back- 
ground counts taken before and after 
runs agreed within 


each series of 


) 2oF 
ao” 


Temperature effect. 
sitivity of the phosphor erystal and 


Since the sen- 


photocathode decreases with increasing 
temperature (8, 11), the calibration 
curves must include temperature as a 
calibration 


parameter. To obtain 


curves that have a uniform accuracy 
over a wide temperature range, the 
amplifier gain settings on the scaler 
20° C to 


and 65° C, 


calibra- 


were changed from 15% at 
20, 30, and 50% at 35, 50, 
The resulting 


3) were corrected be- 


respectively. 
tion curves (Fig. 
fore each use for the 8** beta decay, 
Over 


a two-month per iod, any one of the 


which has a 87.1-day half-life. 


calibration curves could be reproduced 
within 244% 
Shielding effect. 
possible shielding effect that CO, and 
H,O 


tagged hydrogen sulfide molecules in 


To ascertain the 


molecules might have on the 


the vapor phase during measurement 
of the Na,O-H.S-CO.-H,0 system, the 
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IRC encapsulated precision resistors 


The presence of extreme climatic conditions, 
unusual ambient temperatures or salt 
water are offset by a new IRC encapsulating 
technique. This IRC development uses an 
epoxy resin compound for both the winding 
form and the seal. A special molding 
process avoids air pockets and assures even, 
complete distribution of the resin. Designed 
to operate at 125°C. and to meet the military 
requirements of salt water immersion, 
these units exceed MIL-R-93A specifications 
in 1%, 0.5%, 0.25% and 0.1% tolerances. 


Also available for MIL Applications... 
IRC TYPE WW Precision Wire Wounds 


In 6 MIL-R-93A styles, plus 
miniature type WW10J 

IRC Precision Wire Wound 
Resistors offer full coverage 
of requirements for exacting 
accuracy in critical 
applications. IRC’s 

superior winding skill and 
care is the result of over 

25 years experience. 


ey neter Multiptiers or 7 INTERNATIONAL RESISTANCE CO. 
_ Deposited Ce Bye 419A N, Broad Street, Philadelphia 8, Pa. 
in Canada: International Resistance Co., Lid., Toronto, 
licensee 
Send Technical Bulletin { | D-3 Encapsulated Precisions 
[| D-1 Type WW45 Precisions 
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FIG. 2. Preamplifier for Dumont-6292 
tube provides pulses >0.25 volts with 
20-ysec duration; 150-volt d-c amplifier 
power supply furnishes up to 22.5 ma with 
17-ohm impedance and <1.5-mvy ripple 
when supplying 8 ma. Results are indi- 
cated on Nuclear Instrument and Chemical 
Corp. model 162 scaler and Streeter-Amet 
Co. “Ametron” automatic counter-recorder 


total pressure in the cell was varied 
from 100 to 3,500 mm of Hg during the 
calibration 
carbon dioxide. 
of the tagged hydrogen sulfide and the 
temperature were maintained constant 


measurements by adding 


The partial pressure 


as the total pressure was varied, For 
each total pressure the radioactivity of 
the vapor phase, the temperature, and 
the partial pressure of hydrogen sulfide 
were recorded. By comparing these 
values with those given by Fig. 3, it 
was established that the maximum de 
crease in the 
phase amounted to 3% when the total 


radioactivity of vapo! 


pressure in the cell was ten times the 


partial pressure ol hy drogen sul fide. 
Moreover, the decrease in radicact vity 


was directly proportional to the atio 
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FIG. 3. Calibration curves for 
pressure of H,S in vapor phase 
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partial 


of the total pressure to the partial pres- 
sure of hydrogen sulfide so that simple 
corrections could be applied to the 
original data for this so-called ‘shield 
ing”’ effect. 

Statistical accuracy. 
of these 
may be determined from the follow- 


The statisti- 
cal accuracy measurements 
ing equation, which is descriptive 
of a Gaussian distribution, M 

0.67(100/N™), where M is the per- 
centage deviation from a mean number 
of counts, and N is the total number of 
taken (12). Thus for 5,000 
which was the minimum num- 
the 
about 1% 


counts 
counts 
ber taken for 
statistical 
With the ‘Ametron”’ 
10,000-100,000 
conveniently obtained so that the sta- 


each measurement, 
accuracy W iLS 
recorder, how 


ever, counts were 


tistical error reduced to a 

between 0.25 and 0.50%. The repro 
the data 

obtained was better than 3% (138). 


Wiis vaiue 


ducibility of experimental 

This method has also been success 
fully applied to the continuous analysis 
of a vapor consisting of sulfur dioxide 


ammonia, and water (1/4), in which the 


sulfur dioxide was tagged with sulfur-35. 
* o * 


The authors wish to acknowledge the assist- 
ance of Mr. A. W. Wakefield with the elec- 
trical circuitry. This research was sup- 
ported by a grant from the Engineering 
Experiment Station at the University of 
W ashington Thie article was presented in 
part at American Chemical Society Northweat 
Regional Meeting, Richland, Wash., June, 
1954. 
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Potentiometric Determination 


of Iron by X-Ray Oxidation 


By MELVIN A. DEWAR and ROBERT R. HENTZ 


Department of Chemistry, North Carolina State College 


Raleigh, North Carolina 


oxidation of ferrous 


The 


solutions 


aqueous 


and reduction of aqueous 


ceric solutions by ionizing radiations 
(1-5) suggests its use as a redox reagent 
in some analytical determinations when 
highest precision is not required, Fis 
sion products might be utilized in rela 
tively simple, perhaps automatic, ana- 
lytical units for routine analyses 
Because of the extensive work done 
on aqueous ferrous systems, the poten 
tiometric determination of iron by 
X-ray oxidation was chosen for study- 


ing the feasibility of such a method 


Experimental 

Reagents were: Merck reagent-grade 
sulfate; 
Chemical reagent-grade sulfuric acid; 
and Merck U. & P 
Water was redistilled from permanga- 
nate, soaked in hot 
dichromate-sulfurie acid solution prior 


ferrous ammonium General] 


sodium chloride 
Glassware 


was 


to use, 
Irradiations were made with a GE 


model OX-140 industrial X-ray unit 
a SP-140 tube unit. The tube 
was operated at 100-kv peak voltage 


with 


from an unregulated supply. Ferric 
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FIG. |. Titration curves for 10~*M ferrous 


solutions 
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ion concentration was determined be- 
fore and after irradiation in some ex- 
periments by its absorption at 3,050 A 
with a 0.50-mm slit width. Measure- 
mente were with a Beckmann 
DU spectrophotometer and hydrogen 
lamp and silica cells. A molar extinc- 
tion coefficient of 2,200 
Miller and Wilkinson (6) list two molar 
extinction coefficients in this vicinity 


made 


was used 


In initial experiments, the potentials 
of unstirred solutions were measured 
after The 
changes were small and erratic, particu- 
larly beyond the dose at which com- 
plete oxidation should have occurred, 


irradiation. potential 


Prolonged stirring of a sample after 
irradiation, up to 45 min after long 
exposures, increase in 
potential to a constant value. Plots 
of these limiting values against irradia- 
tion time gave good titration curves. 
This was at first attributed to a post- 
irradiation effect (2, 4) in the low con- 
centration range of these experiments, 
~10-*M, 


ric measurements showed no increase in 


resulted in an 


However, spectrophotomet- 


ferric ion concentration after prolonged 
stirring. Plots of ferric ion concentra- 
tion in the unstirred solutions vs irradi- 
ation time were linear to the point of 
complete oxidation and horizontal be- 
yond, The effect 
potential measurement and possibly 
due to peroxide or gas formation 

For samples continuously stirred 
during irradiation, absolute values of 
the potential were affected slightly by 
rate of stirring. Since this rate was 
constant during an the 
curves were shifted for different stirrer 
speeds along the potential axis without 
affecting the reproducibility of the time 
for complete oxidation. 

Therefore, in all later work, a 10-ml 
sample in a 50-m! beaker containing a 
glass-enclosed iron rod was placed on a 
magnetic stirrer under the X-ray tube 
window. A saturated 
calomel reference cell was connected to 
the sample by a 3% Agar-30% potas- 
sium chloride salt bridge. A platinum 
electrode was placed in the solution and 
the connecting leads brought out to 
n Leeds and Northrup type K poten- 
tiometer. The solution was then ir- 
radiated with continuous stirring and 


is therefore in the 


irradiation, 


lead-shielded 


periodic potential measurement. Ge- 
ometry and tube current were main- 
tained constant and time of exposure 
was taken as a measure of dose. 
Blank runs atmospheric 
oxidation of ferrous ion to be negligible 
within the accuracy. All 
ferrous solutions ~10"°M in 


showed 


limits of 


were 


sodium chloride, to eliminate any effect 
of dissolved organic matter, and 0.8N 
in sulfuric acid, 


Results 

The number of ferrous ions oxidized 
per unit energy absorbed by a solution 
(yield) is independent of ferrous ion 
concentration over the range 0.1—5 
10-*M. A_ potentiometric titration 
curve should be obtained similar to 
that for a standard redox titration up 
to the stoichiometric point. An equi- 
librium exists in the chemical system 
that produces a symmetrical curve be- 








4 


800 


— - 
400 
Micromoles /Liter 











FIG. 2. Time for complete oxidation vs 
initial ferrous ion concentration 


yond the stoichiometric point. How- 
ever, the irradiated-system titration 
curve probably becomes horizontal at 
a lower limit of ferrous ion concentra- 
tion. The stoichiometric point is then 
at the intersection of the extrapolated 
horizontal and sharply rising parts of 
the curve, 
shown in Fig. 1. 

If yield is constant to the ferrous ion 
concentration at which oxidation ceases, 


Some typical analyses are 


a calibration curve of stoichiometric 
dose versus initial ferrous ion concen- 
tration as shown in Fig. 2 should be 
linear with an abscissa intercept at the 
lower limit of ferrous ion concentration. 
The equation of this line would be 


D = (Fe; — Fe,)/Y 


where i stands for initial, Y for yield, 
D for stoichiometric dose, and f for 
limit or final. 

It is more likely that the yield de- 


creases at very low ferrous ion concen- 
trations. The calibration curve would 
then be linear in the high concentration 
range and curve upwards at lower con- 
centrations. If initial ferrous ion con- 
centrations are sufficiently large rela- 
the which 


yield decreases appreciably, the dosime- 


tive to concentration at 
try yield may be used in place of a 
calibration curve. 

The calibration curve of Fig. 2 was 
obtained by diluting 1.1 x 10-°M 
stock solution of ferrous ion to solu- 
tions of 0.5, 0.3, 0.2, and 0.1 the original 
concentration. Within the limits of 
error, the straight line suggests that 
oxidation proceeds with constant yield 
to a ferrous ion concentration below 
10-*M. The average time required to 
oxidize 10 uM/1is 4.73 + 0.18 min, the 
usual reproducibility found in this work. 
A yield of 20 4M/1/1,000 r (8) gives the 
dose rate used as 108 r/min. 


Conclusions 

The equipment available for this 
study imposed several limitations on 
the precision that could be eliminated 
with a high-intensity gamma source. 
Continual manual adjustment of the 
X-ray tube current was necessary to 
maintain reasonably constant dose rate. 
The available dose rate limited the 
maximum ferrous ion concentration 
that could be oxidized in a reasonable 
timeto10-*M. Better precisionshould 
be possible at the higher concentrations 
permitted by a gamma source. How- 
ever, care must be exercised to insure 
that oxygen is not exhausted from the 
solution when concentrations greater 
than 10-*M are used, corresponding to 
doses in excess of 50,000 r (5). Useofa 
recording potentiometer give 
continuous titration curves and permit 


would 


more accurate location of the stoichio- 
metric point. 
The system dealt with in this study 


was an ideal one. Application to more 


complex solutions is necessary before 
the practicality of the method can be 
established. 

. * - 


This article ia based on a thesis submitted 
by M. A. Dewar to the Department of Physica 
of the North Carolina State College in partial 
fulfillment of the requirements for the degree 
of Master of Science in Nuclear Engineering. 
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SPECIFICATIONS 


INPUT 
20 to 35V DC 
af approx. 5 m.a. 


OUTPUT FREQUENCY 
400 or 500 cycles 


Type 2007T 
+ —,02% from —65° to + 85°C. 


Type R2007T 
4- —.002% from + 15° to + 85°C. 


Type W2007T 
+ —,005% from —65° to + 85°C. 


OUTPUT VOLTAGE 


5 volts, sine wave. 


Substantially uniform 


wom |S FREQUENCY 


several times that of vacuum tubes 


MAGNETICALLY SHIELDED 
HERMETICALLY SEALED These units, which are the result of several years of development 
OCTAL BASE and testing, offer a new standard of simplicity and reliability. 


SIZE Particularly noteworthy is the uniformity of output signal volta 
42" x 1%" diameter y y y P 8 Be 


WEIGHT 
7 ounces ideal for airborne and portable use. 


with temperature change. Small size and light weight make them 











Fo lications wh only higher B volt ilabl 
COMPLETE INFORMATION ON REQUEST oe en a adh 


PLEASE SPECIFY TYPE 2007T simple voltage reducing circuit may be used. 


American Time Products, Inc. 


580 Fifth Avenue New York 36, N. Y. 


MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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Proportional Gamma Spectrometer 


By D. G. MILLER 

Hanford Atomic Products Operation 
General Electric Company 
Richland, Washington 


A number of workers (/-@) have 


shown that the gas-filled proportional 
counter offers a very useful and con 


venient method for investigating X 
and gamma radiations in the energy 
The 


been ¢ mployed lor 


region up to 100 key propor- 
tional counter has 
determining low-energy 


(1), in coincidence studies (2), in in 


beta spectra 


vestigating the low-energy radiations 
from Pu*** and U** 
K and L-capture X-radiation (4), and 
as a detector in gamma photometry (7), 
Additional applications of the propor 
tional counting technique may be found 


in studies of 


in extending the usefulness of gamma 
spectroscopy, as applied to the analysis 
of radionuclide the 
energy region below 100 kev, in the 
analysis of low-energy 
radiations in the 
energy components, and in the quanti- 


mixtures (8), to 


X- or gamma 
presence of higher 
tative analysis of mixtures of trans- 
uranium isotopes. Although the rather 
modest resolving power of this instru 
ment limits its applicability in many 
studies, its simplicity and adaptability 
recommend its use for 
in the low-energy region 
eter constructed in this 
(Figs. 1-3) is evaluated here. 

In the recording system shown in 
Fig. 2, a single-turn, 359-deg poten- 
tiometer, connected through a gear 
train to the chart drive of the Brown 
strip-chart recorder, controls the base 
line of the single-channel differential- 
pulse-height analyzer (Atomic Instru 
ment Co.). The chart drive gives a 
12-in, scan of a 100-volt pulse-ampli- 
tude array in 20 min; a 1-volt slit width 
was used for the spectra shown here 

The spectrometer characteristics 


many analyses 
A spectrom 


laboratory 


were investigated using three different 


mixtures: argon plus 2% carbon 


gas 
dioxide, argon plus 10% carbon di 
oxide, and argon plus 10% methane 

In addition to the relative values in- 
dicated in Fig. 4, an absolute value for 
the gas-amplification factor is of inter- 
est. With 29.5 ev as the energy ex 
pended by a photoelectron in producing 
an ion pair in argon, the absolute gas 
amplification factor at 2,200 volts for 
the argon-10% methane mixture is cal 
culated to be appreximately 200. 

The slope of Fig. 4 can be increased 
by using smaller collecting-electrode 
diameters or decreased by using larger 
diameters. The optimum diameter de- 
pends on a number of variables: (1) 


The gas amplification desired—which 





A-1 amplifier (Atomic Instrument Co., model 204C) oper- 
ates at full gain using 16-usec input time constant and 100-ypyf 
15,000-ohm feedback 
Detector and amplifier parameters minimize pulse- 
height dependence on orientation of ionization path (9) 


resistor; risetime is 


in turn is dependent upon the external 
(electronic) amplification available. 
Large gas-amplification factors 
> 1,000) should be avoided since the 
associated positive ion cloud distorts 
the pulse-amplitude distribution with a 
resultant loss in resolution and stability. 
(2) The 
be sufficiently low to eliminate 
The high 
voltage stability requirement; its im- 
indicated by Wig. 4. A 


collector potential—which 
must 
insulation problems, (3) 
portance is 
0.1% change in collector potential at 
2,200 the 


results in a 


volts, using argon-10% 


methane mixture, 15% 
change in pulse height. 

The table compares the photopeak 
resolution obtained for four isotopes 
that 


emit the characteristic 


by electron capture and 
X-radiation of 
Resolution is 
defined as the percent photopeak width 


decay 


the daughter isotope. 





Percent Photopeak Resolution 
K X-ray 
Source energy (kev) Mount argon 
Fe°® on 
in. Al 
Zn° on 
in, Al 
SeQ. on 
1-mil Teflon 
Sn(NOz)> 
on l-mil Teflon 


0.03 


0.038 


10% COr 10% CHe 
argon 


96% helium- 
argon ,% isobutane 


29.3 





Detector 100 wut (Ceramic) 
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FIG. 3. Cathode-follower circuit 
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NATIONAL RADIAC announces .. . 


A Complete Scintillation Counter 


A versatile instrument for research, medical and industrial use. 
One Standard Counter Fits All Accessories. 


Accommodates any size, any type of National Radiac crystal detectors for measuring 


gamma, beta, alpha particles, neutrons and 
SCINTILLATION HEAD 


Crystals, sealed in thin-walled con- 
tainers, may be inserted directly in 
radiation beam. Uses 6292 or 5819 
or 6342 photomultiplier tube and 
improved circuit. 100 ohm output 
impedance, permits up to 50 ft. of 
cable. Model SA-2 has self-con- 
tained, two-stage preamplifier with 
gain of ten. Easily provides 1 volt 
output pulses, Plateau slope is 3% 
per 100 v. Model SC-2 has cathode 
follower output. Plateau slope is 
2% per 100 v. 


COLLIMATOR ATTACHMENT 


WELL T 


f 
e 


r) 


Mode! LC-2 Collimator Attachment mounted 


on scintillation counter. Includes large, one- lation counter and 


Model LW-2 Shield 


X-rays. 


YPE SHIELD 


Attachment holds scintil- 
two-inch diameter well- 


inch diameter by one-inch long sodium iodide 
crystal for high sensitivity. Highly directional 
lead shield in front and behind crystal in- 
sures low background. Convenient adjustable 
clamp and stand. 


type sodium iodide crystal. Provides full two 
inches of lead shielding in every direction, 
including below counter. Low background, 
high sensitivity. Crystal or counter instantly 
removable. 


t 


Model SM-2 Manvel Sample Changer At- 
tachment holds scintillation counter and 
crystal detectors. Provides two inches of lead 
shielding. Holds standard planchets, 





ALPHA COUNTER 
Alpha particle counter. Light 
tight, insensitive to other 
radiations. 


rays. 





Hermetically 
sealed sodium 
iodide crystal. 
Best for gamma 


SODIUM IODIDE CRYSTAL 


A Complete Assortment of Crystal Radiation Detectors for Every Counting Need 


Hermetically sealed, thin-walled containers. Optical glass windows. Transmits ultra violet. In- 
terchangeable, permanent, light tight. 


Sodium iodide, 
well type crystal, 
Has § inch di- 
ometer by 1} 
inch deep well. 


WELL TYPE CRYSTAL 


BETA COUNTER 


Thin Stilbene single crystal, sen- 
sitive principally to Beta rays. 








Also in sealed mounti 


, there are other Sin- 


tilon brand detectors which are interchangeable 


with the ones illustrated. 
Lithium iodide crystal neutron counters. 


Boron leaded plastic, slow neutron counters (contains 


20% boron). 

Proton recoil type, fast neutron counters. 
Organic scintillation crystals. 

Low cost plastic phosphors. 


Send for Bulletins 10 and 11 describing these. 


Also handy file folder. 
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10 CRAWFORD ST. 


Specify Sintilon® brand crystals manufactured by 


Department N-2 


TO? lise Inc. 


NEWARK, N.J. 
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FIG. 4. Data obtained using Fe®® source 
(5.9-kev Mn K X-ray), arrangement of 
Fig. 1 (3-mil-diameter collector, approxi- 
mately 5,600 amplifier gain), and Tektronix 
model 513-D oscilloscope 


at one-half of the photopeak’s height 
Here, only the relative resolution be- 
tween gases is of interest since the dif- 
ferent mounting techniques used com- 
plicate the between-source relationship 

The differences in resolution appear 
to be statistically significant. The im- 
proved resolution obtained 
methane, rather than carbon dioxide, 
can probably be attributed to its lower 
electron-attachment coefficient 

A very significant resolution advan- 
tage is obtained using the proportional 
counter in place of a scintillation coun 
ter in this energy region. For 
ple, at energies of 6 and 24 kev the 
resolutions obtained using a Nal(T)) 
scintillation crystal are approximately 
120% and 60%, respectively (12). 

The spectrometer’s 
linear to pulses of known amplitudes 
from a pulse generator. 
the pulse height response as a function 
of photon energy for this spectrometer 


using 


exam- 


response Was 


Figure 5 shows 


using each of the three gases studied. 

It is of fundamental importance to 
note that the pulse height-vs-photon 
energy response is linear down to at 
least 3 kev, which is the lowest energy 
investigated in the present work. The 
nonlinearity indicated by extrapolation 
of the curve below 3 kev agrees well 
with the work reported by Curran, 
Angus and Cockroft (2) This 
linearity reflects an increase in the 
energy required to produce an ion pair 
for electrons possessing energies below 
the 3-kev limit. 
shown that the energy expended by an 
electron per ion pair formed is constant 
for argon and also for the other noble 
gases from approximately 1 kev to at 
least 500 kev (4). 


Other workers have 


FIG. 5. Sources used for spectrometer 
photon-energy response were Fe°® and 
argon K X-ray escape peak, Zn°’, Se’®, 
Sn'!*, Pu*®**, Am**!, and K X-rays of Cu and 
Zr excited by Am**! 60-kev y-ray (10) 


From the data presented in Fig. 6 it 
is seen that an energy response of par- 
ticular advantage in a given application 
can be attained by selection of the 
gas. 
sponse of a standard, canned Nal(T!) 


proper counter The energy re- 
crystal would drop more sharply at low 
photon energies than is shown in Fig. 6 
due to absorption by the aluminum can. 

The lower ev/ion-pair values and in- 
creased probability of photoelectric in- 
teraction characteristic of the higher 
atomic number noble gases are addi- 
tional advantages to be realized through 
The effect of 
pair value on photopeak resolution is 


their use, the ev/ion- 
demonstrated by reference to the resolu- 
tion obtained using both helium and 
The possibility of 
decreasing the ev/ion-pair value for a 


argon (see table), 


given gas, to obtain increased resolu- 
tion, offers an interesting problem. 
Spectra obtained are shown in Figs. 
and 8. 


~ 
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FIG. 6. Counting yield (cpm/dpm) calcu- 
lated using total-gamma-absorption cross 
sections (13-15); argon peak calculated 
using only photoelectric-absorption cross 
section (13). Uncanned-Nal(Tl) curve cal- 
culated for same geometry (0.0496), 
Window dia. is | in.; source to window, 1 
in.; source dia., }¢ in. 
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FIG. 7. X-ray spectrum of Fe°® K-capture 
source (2,175-volt collector potential). 
Principal peak is 5.9-kev Mn K X-ray; 
lower-energy peak is 3-kev K X-ray excited 
by photoelectric interaction of incident 
quanta with argon K electrons 
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FIG. 8. Spectrum obtained with 60-mg 
Pu**®* source (3-in. source-to-detector dis- 
tance, 2,175-volt collector potential); in- 
cluded is Se’® calibration peak 
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Advamees ue Applied Radiation 


DEVELOPMENTS in the FIELD OF APPLIED RADIATION ENERGY, its APPLICATIONS and the APPARATUS USED TO PRODUCE IT 





HIGH VOLTAGE PIONEERS LINEAR ACCELERATORS 


Hich VOLTAGE, sole manufacturer of 
Van de Graaff particle accelerators, has 
just announced the first microwave linear 
accelerator offered commercially in this 
country. 

The initial model of a new line of linear 
accelerators to be manufactured by HicH 
VOLTAGE is a radiation-producing machine 
designed especially for operation in the 4 
to 7-million-volt range. ‘The company will 
soon introduce several models of this ac- 
celerator for cancer therapy, scientific re- 
search, industrial radiography, electron- 
beam sterilization and radiation proces- 
sing of plastics and other chemical prod- 
ucts 

This seven-million-volt atom-smasher 
has been undergoing an exhaustive test 
program at Hich VoutaGe’s plant for sev- 
eral months. Excellent performance is re- 
ported by the company’s physicists and 
engineers. Its introduction will fill a long- 
felt need for a compact, flexible radiation 
machine capable of operating efficiently 
in this particular high energy range. 
Adapted to cancer therapy, it will sup- 
plement the 2-million-volt Van de Graaff 
x-ray generator also made by HIGH VOLT- 
AGE, nearly a score of which are now in 
use in hospitals both in this country and 
abroad. 

The powerful beam of electrons pro- 
duced can be used directly in the treat- 
ment of biological or chemical systems, 
or it can be fired onto a gold target with 
x-rays being produced in the collision. 
These x-rays have far greater penetrating 
power than x-rays normally used in med- 





This is a neulron. 


Oy It thinks it's a proton 


nus an electron 
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ical therapy and industrial radiography. 
As an x-ray source, the new linear accele- 
rator will produce several hundred roent- 
gens of radiation at one meter while oper- 
ating at 6 to 7 million volts. Electron beam 
power is approximately one kilowatt in 
the range from 4 to 6 million volts. 

Compactness is a most important fea- 
ture of the new accelerator, allowing it 
to be flexibly mounted at considerable dis- 
tance from its radar frequency power sup- 
ply and controls, and to be operated in a 
relatively small treatment room. This com- 
pactness and the flexibility it makes pos- 
sible, together with the very high energy 
of the x-rays it produces, make the linear 
accelerator a valuable new tool, both for 
industry and for the battle against deep- 
seated cancer. 





Van de Graaff Components for Britain 


HicH VoLtace has recently contracted 
to supply all the vital components of a 
huge 6-million-volt Van de Graaff accele- 
rator soon to be located at the Imperial 
College, Kensington, England. The heavy 
metal components, including the pressure 
tank, will be purchased in Britain and the 
machine assembled there. It will be used 
in a program of fundamental nuclear re- 
search conducted by Prof. Samuel De- 
vons. The 6-MeV machine will be similar 
to those built by Hicn Vorrace for Oak 
Ridge National Laboratory, Rice Institute 
and to another now under construction for 
Columbia University. 





Cancer Therapy Unit to Cleveland 


A two-million-volt Van de Graaff for 
cancer therapy will be delivered this 
month to University Hospitals, Cleveland, 
Ohio, where it will mark the first step in 
the expansion of the radiology department 
to two or three times its present size. Dr. 
Hymer L. Friedell, director of Radiology, 
will use the machine for rotational ther- 
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apy, in which the patient is placed in a 
rotating chair and the powerful x-ray 
beam precisely focused on the uxis of the 
tumor. In this way, the tumor is continu- 
ously subjected to radiation, while dosage 
to the skin and surrounding tissue is mini- 
mized. 





Radiographic Machine Gets New Mount 


The unique one-million-volt Van de 
Graaff x-ray generator for industrial ra- 
diography recently introduced by Hion 
VoLTAGe has now been fitted with a new 
mount which accentuates this supervolt- 
age machine's portability. The Lewis- 
Shepard Company of Watertown, Mass., 
has designed and built a new version of its 
Jack-Stacker especially for use as a car- 
riage for this compact x-ray source, With 
the new mount, the machine can be moved 
to any part of a plant, used at any angle 
from horizontal to vertical, and made op- 
erative simply by plugging in a power 
cable, This radiographic unit is the small- 
est (its tank is only six feet long and 36 
inches in diameter), the lightest (it weighs 
only 2,500 pounds) and the lowest-priced 
one-million-volt x-ray generator made. Its 
% millimeter focal spot mukes possible 
radiographs of remarkable clarity through 
metal sections up to five inches thick with 
short exposure times. 





Colloidal Gold Infusion Unit 


By S. ALLAN LOUGH 
Physics Laboratory 
Francia Delafield Hoepital 
New York, New York 


The colloidal gold infusion unit de- 


scribed here was developed to permit 
easy transport of the radioisotope 
shipping bottle, after it 


central distribution 


preparation 
for final use at a 
point, and to allow the infusion set to 
be readily movable to any treatment 
room in a hospital 

The unit (see illustration) is a modifi 
cation of the arrangement described by 
Yalow and Cohen.* Although struc 
turally more complex, it is believed to 
be easier to use and more versatile 
The unit is supported on an X-ray tube 
stand that passes through the top and 
bottom plywood-reinforced shelves of 
an aluminum four-wheel cart. 

The shelf, P, 
shielded gold Ves els, can be raised and 
lowered on the stand 
bottles, 8, and S», (each 1,000 ml), can 
be raised still further with respect to 
the shelf by pushing the supporting 
rod, R, through the collar, then fixed 
with a thumb screw 

The 10-ml bottle, GB, containing the 
individual dose of radiogold as shipped 
by the supplier,t is shielded by 1-in 
lead fitted with two lead capes. A solid 
cap is used for protection during trans 


small bearing the 


tube Saline 


port; the other cap is provided with 
two holes, spaced !4 in. center to cen 
ter, that pass freely a 15-gage hypo 
dermic needle. 

The dilution bottle, DB 


o.d. and 9 in. from the bottom to the 


is 246 In 


lower edge of the 55/50 standard taper 
joint.t The %¢-in. lead shield for DB 
is fitted with a divided top that swings 
open or closed and allows the glass 
tubing to pass through it when closed. 


Administration Procedure 
1, The needle-hole lead cap, dilution 


*R. 8. Yalow, B 
11, No. 12, 65 (1953 

t Abbott Laboratories, Oak Ridge, Ten 
nessee. 

t Available from | 
220 East 23rd Street 

9 Lead shields are jacketed in 
The movable shelf, ?, rod, R, (both brass 
and shields are chromium plated for ease 
of maintenance 

§ Available from Abbott Laboratories, 
North Chicago, Illinoi« Venotube, List 
No, 4429; Y-Type Recipient Set, List No 
4440. Both are plastic tubing fitted with 
male and female adaptors disposable after 
use. 
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B, Cohen, Nuc .eonice 


Machlett & 
New York 10 


Son 


N. ¥ 


brass 


bottle (DB) with 5-ft rubber tube on 
air vent, syringe, 3-way stopcock and 
auxiliary tools are autoclaved and 
cooled 

2. The gold bottle is unpacked in the 
hot laboratory, the rubber cap is ey 
posed, the bottle is placed in its shield 
and covered with the solid lead cap 


3. Inthe treatment room, the rubber 





























INFUSION UNIT utilizes shielded shipping 
bottle (GB) for easy transport 





ADVANTAGES OF UNIT 


1. Covered with solid shielded 
shipment of gold can be transported to 


cap, 


another hospital. 


2. Two or more consecutive pate nla 
can be treated, without replacing DB, by 
using second gold bottle shield but same 
needle-hole top and same needles can be 
used, Venotube is attached to distal end 
of Y-Type Recipient Set when treating 
first patient; this protects against con 
tamination of tubing above terminal 
Venotube by regurgitation of cavity fluid 
from first patient. Removal of terminal 
Venotube leaves tube C ready for second 
patient. 


we ll 


On several occasions 


3. Technicians are protected 
against radiation. 
administration of radiogold to two pa- 
tients in one session has produced pocket 
dosimeter readings no greater than 5-10 


mr. 





cap of GB and the rim of the shield are 
disinfected with zephiran chloride solu- 
tion, using a gauze sponge held in 9-in. 
sponge forceps. Then the sterile nee- 
dle-hole lead cap is placed on the shield. 

4, With sterile rubber gloves and a 
thick pad of sterile gauze, two 4-in.- 
long sterile 15-gage hypodermic needles 
are put through the needle holes and 
the rubber cap of GB 

5. A sterile Venotube§ connects one 
needle to iniet A of DB 
takes the female of a 
the 

with 


A male glass 
adaptor on S 
male end of 
the 


hemostat with rubber- 


second Venotube 


connected second 
A 5-in 
covered jaws is clamped on the tube 


and S, 


which is 
needle. 
near S, is hung on one hook of 
rod R 

6. The insertion cannula of a Y-Type 
Recipient Set§ is pushed into S», and 
the other arm of the Y, 
off the cap 
scissors, is pushed over a glass adaptor 


at outlet B of DB. A 


after cutting 


dispensing with sterile 
hemostat is 


lamped on the tube near S, and Sz is 


{ 
hung on the other hook of rod R. 


Two more hemostats are provided 


for control of liquid flow in later steps. 
7. The 
syringe are attached to the distal end 


3-way metal stopcock and 
of the rubber tube D on the air vent of 
DB; the stopcock is set to allow air to 
escape to the room when liquid rises in 
DB 

8. With hemostats properly placed 
and the saline bottles at highest posi- 
tion, saline is allowed to flow from S, 
through GB to DB until the desired 
Then 


clamped off. 


volume has accumulated in DB. 
the 
[ssentially all of the gold is transferred 
The 


be estimated by 


tube under S,; is 
by passage of 40-50 ml of saline 
DB can 
noting the decrease in volume in S, 


volume in 


and by observing the liquid level in DB 
through the narrow vertical slits in the 
wall of the cylindrical lead shield. An 
electric bulb mounted behind one slit 
makes observation possible from a suit- 
able distance. 

9. Now 
allow saline from S, to fill the delivery 
tube both below the Y-joint (C) 
B), thus displacing 


hemostats are arranged to 


and 
above this point 
all air in the syphon from DB. Hemo- 
stats are clamped on tubes B and EL. 
10. The the 
highest position on the stand and the 
of C is the 


trochar through which the patient has 


array is elevated to 


connected to 


distal end 


Adaptors are used as 


the 


been tapped. 


required by type of trochar 
employed. 


11. The trochar connection is tested 
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LIQUID SCINTILLATION DETECTOR 


Tracerlab’s unique CE-1 Liquid Scintillation De- 
tector is designed primarily for counting samples 
of low energy beta emitters such as C-14 and 
Tritium, which can be prepared in liquid form. 
Efficiencies of approximately 75% for C-14 and 
20 to 25% for Tritium can be obtained with this 
unit. The total sample volume is 50 cc and sample 
preparation is extremely simple. 

An extremely low background of only 200 to 
250 CPM is obtained by refrigeration of the pho- 
totubes, use of a dual-channel coincidence ampli- 
fier which passes only pulses which occur at the 
same time, and an overpulse rejection circuit. 
The two photomultiplier tubes with preampli- 
fiers and a scintillation cell are mounted inside a 
lead shield in a small refrigerator. Samples may 
be stored in the dark before counting and a glove 
port permits transferring samples without ex- 
posure to light. 





Booklet TL 59 contains complete details and 
will be sent upon request. 
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saline into the patient 


by running 
from S». 

12. Finally, with hemostat clamped 
on tube FE, the hemostat is removed 
from tube B, and the diluted radiogold 
colloid is syphoned into the patient 
If the flow stops or slows down, gentle 


pressure is applied on the liquid surface 


in DB with the 100-1! syringe at the 
3-way stopcock, 

13. Hemostats are relocated 
saline is run from S,; through GB to DB 
and delivered to the patient as de 
scribed in 12, If desired 


be further rinsed by running a smal! 


more 


tube C can 


volume of saline from S, through F 
































CHASSIS HOLDER (left) is inserted in rack hole in horizontal position (center); chassis 
is slipped into place and holder turned to vertical position (right) 


Simple Relay-Rack Chassis Holder 


By JOSEPH GOTIMER and 
ALFRED WEINSTEIN 
Department of Chemistry 
Brookhaven National Laboratory 
Upton, Long Island, New Y ork 


descr ibed here 


The holder 
greatly facilitates the installation o1 


chassis 


removal of electronic chassis in a simple 
relay rack. The usual procedure has 
involved two or more individuals. One 
would start the through the 
front slots in the panel, while the others 
would support the chassis and try to 


screws 


align the slots with the appropriate 
rack holes by trial and error 
ments. When the circuit 
the opposite procedure is used 


move 


is removed 


To make a chassis holder, a piece of 
44 -in. brass rod, B, was hard soldered 
1% 9 fillister-head 
head of the 
machined 80 
slot 


to the top of a }4-in 
machine screw, A. The 
fillister screw should be 
that it fita through the chassis’s 
easily. Two or more holders may be 
used to mount a chassis B may be 
1 in. long; however, where panels are 
recessed in the rack face 
shortened to 
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they may be 


allow rotation The 


holders are then inserted in the appro- 
priate holes in the relay rack and left 
in the horizontal position. The chassis 
is then slipped into place so that the 
slots in the panel slide over the holders, 
and the panel allowed to rest on them. 
Where the panels had holes, slots were 
easily made with a hack saw by cutting 
into the holes from the edge. 

If the holders are drawn up fairly 
close in advance, it is only necessary to 
turn them to either the up or down 
vertical position to hold the chassis in 
place. It was found that using only 
two holders in the bottom panel slots 
one person could set the chassis in posi 
tion. Where heavier chassis are used 
and help is required, the time to set 
them into the rack is considerably 
shortened. 

The chassis holders can be left in 
position to facilitate removing and re- 
placing. Although four holders 


hold a chassis indefinitely if they are 


will 


tight enough, it is recommended that 
screws supplement the holders where 
the racks are subject to vibration 
* * > 
Thia research was carried out under the 
auspices of the U. 8S. Atomic Energy 


Commission 


Preparing 
Samples 

for Absolute 
Counting 


By S. G. RUDSTAM 

The Gustaf Werner Institute for Nuclear 
Chemistry 

University of Uppsala 

Uppsala, Sweden 


In the usual determination of dis- 


integration rates, several corrections 


have to be applied to the observed 
counting rate (/, 2): absorption in the 
counter window and air, air scattering, 
scattering from the sample holder and 
counter castle, counter efficiency and 
geometry, sample scattering and ab- 
sorption, and back-scattering from the 
sample support. All of these factors, 
except the last two, can usually be 
determined accurately or do not differ 
much from unity. By utilizing only 
about 0.1 mg of carrier, the effects of 
sample and sample support are made 


negligible. 


Radionuclide Purification 

The irradiated target is dissolved in 
a suitable solvent containing 0.1 mg of 
the element or elements to be studied. 
The element is then isolated and puri- 
fied by a combination of chemical pro- 
cedures. Since the amounts of carriers 
are very small, all solutions, to be as 
pure as possible, should be made with 
redistilled water. It is also preferable 
to purify the mineral acids and am- 
monia by distillation 

Iixtractions, distillations and scav- 
enges are made in the usual way, but 
since the amount of carrier is so small, 
the precipitations usually have to be 
made in the presence of a collector sub- 
The collector is added to the 
precipitated together 


stance, 
solution and 
with the element of interest either with 
the same or with another precipitant. 
The precipitate can then be centrifuged 
off and washed. Afterwards the col- 
lector is removed by a suitable chemi- 
eal procedure. Since the precipitant 
must precipitate the element of inter- 
est even when the concentration is very 
low, many of the precipitation methods 
generally used in analytical chemistry 
are eliminated. 

about 


element of 


The final solution should be 


and contain the 
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0.5 ml 





interest free from all contaminants. 
This test solution is analyzed quantita- 
tively, and samples for particle count- 
ing are taken from it. 

Example of separation technique. 
Separation of copper from an arsenic 
target illustrates this chemical tech- 
nique. The target (about 0.2 gm 
arsenic trioxide) is dissolved in 5 ml of | 
3N hydrochloric acid containing two 
drops of nitric acid and 0.1 mg Cu?* as 
carrier. A few mg Ag* are added, and 
gaseous hydrogen sulfide is bubbled 
through the solution. The solution is 
heated, centrifuged, and the precipitate, 





consisting of the sulfides of arsenic, 
copper and silver, is washed twice with | 
1N hydrochloric acid. The arsenic | 
sulfide is then dissolved from the pre- | 
cipitate by treating it twice with LA 
sodium hydroxide In this step the} 
silver sulfide serves as a collector for | 
the small amount of copper sulfide. | 
The precipitate is dissolved in a few | 
of concentrated nitric acid, anti} 
olution is diluted to 1N in nitric | 

The silver is then removed as | 

er chloride. The copper is_pre-| 
cipitated with a solution of potassium 
ferrocyanide. About 1 mg barium | 
chloride and a few drops of 1N sulfuric | 
acid are then added to form barium 
sulfate, which acts as a collector for | 
the cupric ferrocyanide. The pre- 
cipitate is centrifuged and washed once 
with IN nitric acid and twice with 
water. After this, the copper oer 
pound is dissolved from the precipitate | 
in 0.5 ml dilute ammonia. In this | 
solution, the amount of copper is deter- | 
mined, and samples for beta counting | 
are taken from it. The whole pro- | 
lure does not take more than about | 
an hour The chemical vield, | 
wut 50%, is satisfactory. A purifi- | 
ation step very much used with | 
gram quantities of copper is to 
cipitate copper as cuprous thio- 
yanate from an acid solution. How- 
, this compound is too soluble to 
ised here 
rhe test solution has to be analyzed | 
ce the chemical yield of the actual 
ent must be determined, Spectro- 
tometry is sensitive enough for the | 
neentration involved, Since the | 

is completely free from inter-| 
substances, it is generally possi- 
to make spectrophotometric analy- 
th an accuracy of ]-2%. It is} 
necessary to analyze the carrier | 
yn, since this solution can be used 
tandard in the spectrophotometric 
One then obtains directly | 


the itio between the amount of the 
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The Berkeley 


Check These Important Features 
of Today’s Most Versatile Scaler! 


Te input AMPLIFIERS of separate subchassis construction provide input sensitivities 
of (1) 0.2 volt, or (2) 1 millivolt. 


2. AMPLIFIERS are long-tailed pair non-overloading type. 
3. CALIBRATED 10-TURN DISCRIMINATOR CONTROL from + 5 to + 50 volts, 
A, input stiector for 60-cycle test, G-M or amplifier with nine-step attenuator. 


5. STABLE 60-CYCLE 500 to 3,000 HV SUPPLY with coarse and fine controls, HV 
meter with antiparallax mirror. (5,000 v. on special order). 


6. ELECTRICAL RESET OF REGISTER, TIMER AND CIRCUITS with single-lever switch; 
provisions for remote start, stop and reset. 


7. PRESET TIME: 0.1, 1, 10, and 100 minutes X1, X2 and X4. 
8. PRESET COUNT: 100, 1,000, 10,000, 100,000 or 1,000,000 counts X1, X2 and X4, 
9. DIRECT-READING DECIMAL COUNT. 


10. MODULAR CONSTRUCTION FOR COMPLETE FLEXIBILITY... amplifiers and regis- 
ter-timer assemblies are of separate subchassis construction; may be ordered 
in several combinations tw meet special requirements. 


Write today for literature and complete technical data; 
please address Dept. &-2 





Berkeley tome 


BECKMAN INSTRUMENTS INC, 


2200 WRIGHT AVE, RICHMOND, Cau 





ictual element in a given volume of the 
test solution and the amount added as 


0; 
m ODALOHM... = carrier. As a method of analysis of 
~. diethyl] dithiocarbamate in isoamy! 
_— alcohol at 430 my can be used ( 


Sample Mounting 
The samples for particle counting are 
prepared in the following way. A thin 


You can depend on aluminum foil (thickness: 0.01 mm) is 
tretched over a small aluminum ring 

TY PE Rij MINIATURE thickness: 0.5 mm; outer diameter: 

POWER RESISTORS 25 mm; inner diameter: 18 mm) and 

istened to it with small strips of tape. 

For all applications where the equipment must survive the most A small part in the center of the foil is 
severe environmental, shock, vibration, humidity and temperature vetted with a solution of insulin (4), 


conditions . 
: ind then 0.05 ml of the test solution is 
Completely welded from terminal to terminal. Silicone sealed in a 

pipetted on to the wetted part of the 
die-cast black radiator finned housing and mounts on sub-panel 
for maximum heat dissipation Impervious to moisture, salt ions oil with a mi ropipet and evaporated 
vapor and gases to dryness under a heating lamp. A 


Three wattage ranges: RH-25, 25 watts; fine air stream directed to the center 


RH-50, 50 watts; RH-250, 250 watts. of the under side of the foil helps to 


Temperature coefficient 0.00002 /Deg. C keep the liquid drop centered and to 


Ranges from 0.1 ohm to 5! 5,000 ohms depending on type 
‘Tolerances 0.05°,,, 0.1°,, 0.25°;. 0.5' 1%. 3 ) good, well centered samples are ob- 


Conform to Applicable JAN and MIL Specification tained with a diameter of about 7.5 mm 


WRITE FOR BULLETIN No. R-21 average of 38 samples: 7.4 mm 
rn 0.07 mm). The effect of uneven 
“port Dept 

DALE PRODUCTS, Inc. Pan-Mar Corp spreading is diminished by the small 


1270 Broodw : i 
1314 28th AVE., PHONE 2139 New York 1. My.| diameter of the samples (6 The 


Columbus, Nebraska, U.S.A. 


prevent boiling By this method, 


reproducibility of this method of pre- 


paring beta samples was tested by 


VOLTAGES ‘UP TO 100 KV , ictivity measurements of 35 samples 


prepared from a Co® solution, The 


IN PULSE, RF, AND 60 CYCLE standard deviation of the results turned 
CIRCUITS MAY BE READ DIRECTLY jut to be 1.7%, which is satisfactory. 
ay | JENNINGS J-1002 Tiihe 1404.3 . / This error includes errors in the sng 


ting, uneven spreading, variation 


For the first time, vacuum capacitor voltage the sample diameter, ete. 
dividers have been integrated with a high im- os 
pedance voltmeter to provide: Applicability of Method 


7 Six linear voltage ranges including a 50 Phe method described here has been 
KV range for single-ended measurements 
ences we Senge Ter Combe-ontee : | pleted of the spallation of arsenic with 
measurements. (These ratings may be ' 
doubled by using a Type JCD vacuum ca- SPECIFICATIONS high energy protons. So lar copper, 
Genrer fe cartes Win cash unter.) VOLTAGE RANGES (peck volts full scale); | Zinc, nickel, and gallium have been 

WA trequency range of 20 cycles to 20 Single Ended: 2.5, 5, 10, 25, 50 KV separated and purified by this te« h- 
megeacycies at full rated voltage and up Double Ended: 5, 10, 25, 50, 100 KV 


to 50 megacycies for lower voltages with 
hate hapdvanie content FREQUENCY RESPONSE: 20 cps 50 mc be chnique can probably be use 1 in 
' . Of ) ) SEX 
"Nearly infinite input resistance with a INPUT IMPEDANCE: ; all 
leading capacitance of less than 4 mmid Resistance: above 10'* ohms Limost a 
Capacitance: less than 4 mmfds separate spallation or fission products 


used in an investigation not yet com- 


nique with satisfactory results The 


cases where one wants to 


i Oscilloscope connections for each divider 
with voltage division ratios of 300;1 CALIBRATION ACCURACY:* 3% of f.s./to determine their cross sections by 

Use it alone or with either divider con- POWER SUPPLY: 117 v., 50/60 ¢., 20 w.| particle counting. 

nected directly to the vertical deflection DIMENSIONS: 16" x 10” x 10% 

plates of an oscilloscope. Use it to NET WEIGHT: 11 pounds 

measure and view continuous 60 cycle, The author wishes to thank Professor 17 

rf, and pulse voltages. Use it to cali- Svedberg for his stimulating interest in this 

brote oscilloscopes and to measure pannin , wo » one Drs. A hp Pappas and W. J 

percentage of modulation, standing Sean. Swiatecks for helpful diecusstons 

wave ratios, phasing, or unbalance — 

Use itto acon sae Trackin ey nega- SOLD DIRECTLY BY JENNINGS BRUOGRAPHY 

tive peaks, or peak-to-peak values of $4 75 50 FOB SAN JOSE . 4 - ott, -_ oa = “5, ie 3 

any symmetrical or non-symmetrical . CALIFORNIA ls EB andell. “Colorimetric Det 

voltage wave including twe 60 KV veltoge dividers. ff Traces of Mots z 04 Inter 

I vanes Re Set. Inatr. 20, - 


JENNINGS RADIO MANUFACTURING CORP,- 970 McLAUGHLIN AVE. P.0. BOX 1278 - SAN JOSE 8, CALIF i. B. Cook, J. F. Dunean, M. A 
, ' ontcs 8, No, 1, 24 (1951 
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Fast-Fission 


Cross-Sections 


of U*” and U** 


By NENAD RAISIC* 

j t Establishment for Nuclear Energy 
Research 

k ‘ V orway 


he ratio between the fission cross- 

of the uranium isotopes U** 

on the one hand, and the 

cross-section of boron on the 

for neutrons of fission spectrum 

heen obtained by measuring the 

unting-rate ratio between a fis- 
n proportional counter and a BF 

tel The fission counter was 

: filled and contained two foils on 
the uranium was deposited 

| uranium and enriched uranium 


its with a 145 isotopic ratio were 


he fast neutrons were produced by 
in a slug of uranium inserted 

» in the thermal column of JEEP 
entering the recording system, 
itrons were fairly well colli 
The thermal neutrons were 


completely by a cadmium 


Che spectrum of the neutrons in the 
did not correspond accurately 
the fission-neutron spectrum be- 
of the influence of epithermal 

yns generated by slowing-down 
collimating system. This devia- 

as corrected by messuring the 
ing-rate ratio between a lithium 

e BF; counter. The Lig (n,q@) 
ection is well known, both in the 
ind fast energy regions.t 
lithium was deposited on foils 
to those used for uranium, and 

d in the same counting tube 
led with argon. This assures 
the geometrical relations between 
ind lithium counter, on the one 
und «the BF; counter, on the 


ilways the same. 


termine the geometry, the 


ting-rate ratios were measured 
2 200-m /sec neutrons from a crys- 
trometer! The fission, lithium, 
n cross-sections for this neu- 

ire fairly well known.7T 
1-boron cross-section ratios 


. 
the Institute of Nuclear 


Kidric’’ Beograd, Yugo 


AbCU-2040 (1952). 
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Announcing the JORDAN 


BETA-GAMMA 


SURVEY METER 


h ( i ( 


ONE INSTRUMENT 


to measure dose rates from 0.01 to 10,000,000 mr /hr 
for all monitoring applications 


MODEL AGB-10K-SR, 3 ranges, 3 decades each, 0.01 to 10 mr/hr; 0.01 to 10 r/hw 


and 10 to 10,000 r/hr 


MODEL AGB-10-SR, 2 ranges, 3 decades each, 0.01 to 10 mr/hr & 0.01 to 10 +/hr 
MODEL AGB-1-SR, 2 ranges, 2 decades each, 0.01 to 1 mr/hr & 1 to 10 mr/he 


Here is why this instrument has set a new 


STANDARD OF PERFORMANCE 


Logarithmic response gives constant reading accuracy on 
all parts of scale 


Sensitivity of 0.002 mr/hr change in dose rate measureable 
near background levels 


Accuracy 10% of true dose over an energy range of 65 kev 
to 1.3 mev 


Built-in Sr.99 calibration check source gives complete 
confidence in instrument calibration 


Long battery life of 1 to 2 years (shelf life) with normal use 


Simple reliable circuit requires no troublesome components 
such as vibrator or rectifier power supplies, hi-voltage batteries 
or hi-meg resistors 


Hermetically sealed Neher-White lonization Chamber makes 
instrument operation independent of environmental conditions 
of temperature, humidity and pressure 


Rugzed light-weight construction, tota! weight only 4% Ibs 


Chamber separable from meter on 20 foot cable spool mounted 
inside model AGB-10K-SR for remote monitoring 


Only one control for selecting radiation range and for checking 
plate, filament and shell batteries individually 


WRITE FOR DATA FILE No. 10 


Jordan Electronic Mfg. Co., Inc. 


119 €. Union S., Pasadena |, California 





obtained for fission-spectrum neu- 


trons are 


Price Usrss/A5 = 2.95 + 0.3 
Fries Usas/8n = | 


With 0.091 barn for the B(n,a) 


cross-section (integrated value over the 


| fission-neutron spectrum), the fission 


cross-sections are calculated to be 


Briss Usrag = 0.27 + 0.03 b 


Fins Usss a 1.6 + 0.5 b 


The large error for Usgs is mainly due 
to the uncertainty of the isotopic ratio 
in the enriched uranium with which the 


measurements were performed. 


Scintillation Counter 


for Assay of Radon Gas 


| 


Parscopes 


For | 


“HOT SPOT” 


Remote Observation 


| closed chamber ‘ 


A custom designed industrial periscope | 
is very often the answer to “Hot Spot” | 
remote control handling, instrumenta- | 
tion and observation. We have designed 
and manufactured many such peri- 
scopes. 


If you have a problem calling for a 
periscope or for any precision optical 
system, check with us. For nearly half a 
century Kollmorgen has designed, de- 
veloped and manufactured precision 
optical products including Industrial and 
Naval Periscopes, Fire Control Devices, 
Projection Lenses and Navigational In- 
struments for Industry and for the Armed 
Services. 


Send for Bulletin 301 


CORPORATION 


Plant: 347 King Street, Northampton, Mass. 
New York Office: 
30 Church Street, New York 7, New York 
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| crystallizing 


| chamber 


By M. A. VAN DILLA and 
D. H. TAYSUM 
Radiobiology Laboratory 
College of Medicine 
University of Utah 

Salt Lake City, Utah 


Following the initial work of Damon 
and Hyde,* we have developed a simple 
and convenient method for assaying 
the exhaled air of radium-injected dogs 
for radon content. 
consists ol two 
30 & 5O 
cemented together with a clear cement 
(R-313, Carl Biggs Co., West Los 


Angeles, Calif.) so as to form a 120 em?’ 


The counter (Fig. | 


dishes mm) 


The inner surface is 
Zns phosphor the 
outer surface (except for the bottom) 


coated with and 


is painted white. The gas to be as 
sayed is admitted through a packless 
bellows valve cemented into the top of 
the chamber (the valve can be replac ed 
by a short piece of gum-rubber tubing 
and a pinch clamp in the interests of 
No treatment of the ex 
before its 
The 


photo 


economy ). 
haled 


introduet Ion 


breath is necessary 
the 


is placed atop the 


into counter. 
multiplier and is held in place by an 
No oil is used for 
It is 
a photomultiplier with a flat front end 
We have been using the RCA-5819 and 


aluminum sleeve. 


optical coupling. simplest to use 


have cemented a plano-concave Lucite 
disk to its front end to allow the scintil 


| lation chamber to rest on a flat surface 


The scintillation pulses are fed into : 
pulse amplifier and scaler of conven 
tional design. 

The phosphor is applied to the inner 
surfaces of the two crystallizing dishes 
cementing them 
follows: A thin film of silicone stopeock 


before together as 


grease is spread over the inner surfaces 


Rev. Sci 


ep. | Damon, H. I. Hyde, 
Inatr. 23, 776L (1952 


of the two dishes and then wiped vir- 


tually clean. ZnS phosphor is then 
sprinkled on and the excess blown off. 
This puts a rather uniform thin layer 
of phosphor on the inner surface. Dur- 
ing this process, the edges of the two 
dishes are protected with masking tape 
so that they for 
cementing. 

We have made and used 20 of these 


the At the 
electronic operating conditions we have 


are clean and ready 


counters in past year, 
chosen as standard, the efficiency for 
0.75 
a-ray (or 2.25 counts per radon disin- 
Background is 10-20 
1 count/ 


radon detection is counts pet 


tegration) 
counts/hour, of which about 
hour is due to spurious pulses from the 
Hence, about 0.05 


electronic gear 


Valve 


ZnS _ phosphor 
coating 
R-~-3i3 cement 


White paint 


Aluminum sleeve 








RCA ~ 5819 


or 
Dumont 
6292 








FIG, 1. 


Radon-assay scintillation counter 














FIG. 2. Radon counting rate in scintillation 
as function of lower-gate setting 
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yuc of radon in the counter -apaneed Where SHOCK and VIBRATION 
are a Problem... 


the background counting rate. 

The variation of the counting rate of 
a chamber containing radon gas (in | 
nitrogen at atmospheric pressure) as a 
function of lower gate setting is shown 
in Fig. 2. We operate with a 20-volt 
lower gate and no upper gate. Note 
that the slope of this curve is 1.1% per 
volt; conventional electronic gear has 
been found to be amply stable. 

The counting efficiencies of these 
chambers are quite uniform in spite of 
the fact that no special measures are 
taken in their construction to keep the 
physical factors constant (surface den- 
sity of the phosphor, etc). Thus, a 
group of 14 counters filled with equal 
amounts of radon showed a standard 
leviation of 3.4% of the mean. Tem- 
perature effects are negligible in the 
range 25-40° C. The gases used for 
filling have been air, nitrogen, and 
helium, Counting efficiency for the 
first two are the same; helium gives a 
7% advantage. Counting efficiency 
in nitrogen was insensitive to pressure 
in the range 0.5-1.0 atmosphere. 

To check on possible sources of error, 


such as losses due to diffusion of radon 


into the cement or silicone grease, the | | 


decay of a quantity of radon was fol- 
lowed for 8.8 days. The observed 
half-life was 3.75 days, so that there is 
negligible radon loss in the materials 


of construction, 





We have constructed similar radon 
counters using Lucite rather than glass. 
These counters have about half the 
background of the glass type. How- | 
ever, they show appreciable radon loss 

umably due to diffusion into the 
over a period of several days, | 

is of the order of 1% overa | 

f a few hours; hence, they can | 
ful if it is not necessary to store 


1 them for more than this time. 
o * * 


esearch was carried out under the | 
of the U. 8S. Atomic Energy 


saion 


TECHNICAL BRIEF 


@ lead shields can contribute to/| 
inter background because of natural 
oactivity So AEC has been | 


searching for old lead with less 22-year 


AVIATION 


INDUSTRIES 


ELECTRONI | 
C \ 





4QA Relay 


to use for shielding in low-activity | & 


irements. Two sources measured 

tons have been unearthed—an old 

in Queens county, New York, 

| a store of lead pigs used for ballast 

in naval sailing ships of another era at 
the New York Naval Shipyard in 


Brooklyn. 
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FRONT 
ENCLOSED 


BACK 


@ Proved. performance of Phil-trol 27 Relays 
in many vitally important applications has built 
great demand for this sturdy, sensitive and 
highly efficient relay. For instance, they are used 
for: propeller pitch control . . . cabin pressure 
and temperature control .. . guided missiles... 
computers . . . communication equipment . . . 


and many other electronic devices. 


Phil-trol 27 Relays have unusual features like 
two-coil construction, which allows greater 
operating force for a given power input, and also 
completely eliminates magnetizing force losses 
at the armature hinge. The rigid frame and 
balanced armature design provides stability 
under conditions of high acceleration, severe 
vibration or shock. 


For complete details on all of the many Phil-trol Reloys 
available, write for the new Cotaleg shown below. 


A Rel 
nad B3AC Relay Actyators Cis 
ila a ] 


Hermeticatly 
Sealed Relay 
4BQA Power Relay 


PHILLIPS CONTROL CORP., Dept. nN, Joliet, Il! 

Please send me a free copy of the new Phil-trol Relay and 
Actuator Catalog. Also, please arrange to have o Phil-trol 
Sales Engineer call on me 

Name 

Company 

Street 


City lone Stote 








NUCLEAR- ENGINEERING 


I35°F 1,000°F 563°F 
NaK heating 24 gal/min 1,55 goi/min 5 gal/min 
furnace 

















NoK 
heating ' Sodium loop NoK cooling 'G-R tin-tube 
loop loop exchanger, 

Test specimen ‘ 275,000 
Pump Btu/hr 





Pump 








Gos burner, . nee ; 
Moxon, 45,000 9 $$ 
1,30000 Filter tc) cr Blower, | 
.u Btu/hr A cold trop 2,700 ft/ \ 
Sump ) Sump min of % 
\ A 2-in. SP 














FIG. 1. Test loop used to subject cladding specimen to heat-transfer and corrosion conditions similar to those in reactor. NoK heating 
loop represents reactor fuel surrounding cladding tube; Na flows at high velocity inside tube. Rigid welded tube-to-sheet construction 
was used to keep specimen tube straight and concentric in stainless-steel shell of primary heat exchanger. Even so, differential expansion 
resulted in permanent set of 0.004 in. /in. tube length. A bellows was not used because of the tubing’s fragility and the high temperature. 
An MSA 220-v electromagnetic pump moved liquid metal in each loop. Cold traps kept O, content below 0.007 wt % in both heating 
NaK and No streams. NoK heating loop was |-in.-IPS type-316 S.S. pipe. Sodium loop used '4-in.-IPS type-347 S.S. pipe. NaK 
cooling loop was made of |4-in.-iPS type-304 and -316 SS. pipe 


Testing Heat Transfer and Corrosion of Globeiron 
for Fuel Cladding in a Na-Cooled Fast Breeder 


By R. H. JONES* and R. E. LEE} 


Heat transfer and corrosion test extent of sodium’s attack on the tube nature and extent of depositions or 
show that Globeiron atisfactory as a materials, (b) determine over-all heat mass transfer in the Na:NaKkK heat 
evaluate the exchanger and in the sodium diffusion 


thin-walled fuel-cladding material for transfer coefficients, (c 


30-day exposures in a sodium-cooled 





fast reactor. 
The tests, conducted in the ipparatu 


Globeiron Thirty-day Test Data and Calculated Results 


in Fig. 1, simulated reactor operation 


in which 500° F sodium enters 0.165 
tT Primary Heat Exchanger Nak-to-Na 
in.-o.d, 10-mil wall Globeiron tube ls Temp. of NaK entering PH x,* I 1.109 1.248 2 1,220 
heated in an average heat flux of Temp. of NaK leaving PHX, °F 1,081 1,122 1, 1,109 
2x 10° Btu/ft?/h ind leaves at Temp. of Na entering PHX, °F 108 190 § 500 
950° F. The local heat flux, which i Temp. of Na leaving PHX, °F Q48 950 952 950 
produced by hot Nak ied from Log mean temp. difference 187 444 124 116 
1 X 10° to 3 X 10° Btu/ft?/hr over the Flow rate of Na, lb/hr 672 667 672 664 
1344-in. exposed length of specimen Heat transfer to Na, Btu/hr 91,400 94,000 92,600 91,400 92,400 94,400 
Although test runs have been « 


pleted on tubes of Globeiron, Globe 


Day of operation 


Average heat flux, 10° Btu /ft®/h: 200 2.06 2.03 2.00 2.02 2.07 
Over-all ht. tr. coeff., Btu /ft?/hr/*l 150 4,710 4,800 4,820 4,840 4,880 
Average velocity through tube, ft/se« 5 30.2 30.2 30.0 30.4 $31.1 
alloy, zirconium, and titanium as ahaa at 2 ' , ‘ 

: . Intermediate Heat Exchanger Na-to-Nak 


ylete results are ava on , . —— ™ oe ore 
I femp. of NaK entering IHX,t °) 285 315 331 350 252 


Globeiron, The te ; pr remp. of Nak leaving IHX, °F 613 529 536 526 524 549 
tended to: (a) determine “ ha Log mean temp difference 308 209 280 268 267 310 
Flow rate of Nak, lb/hr 906 1,475 1,614 1,819 2,060 1,242 
* Atomic Power Deve ent ate Heat transfer to Nak, Btu/hr 84,500 88,500 87,500 86,400 87,600 90,400 
(Senior Engineer, Hart . ect ' Over-all ht. tr. coeff., Btu /ft®/hr/*l 1.370 1,488 1,495 1,522 1,625 1,460 
Co., Hartford, Conr 
t Project bngines y e Sate ApI * Primary heat exchanger t Second 


ances Co., Caller I's 
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WHY IS A BOILER MANUFACTURER 
interested in Atomic Energy? 
..» briefly, because a company like Babcock & Wilcox, committed for nearly a century to the conversion 


of energy’s raw materials to useful form, regards development of atomic energy 
applications as natural progression in its chosen field. 


Once atomic energy has moved out of the laboratory, beyond. B&W shops have fabricated essential com- 
all the familiar skills—physics, metallurgy, design, ponents of history-making installations; B&W minds 


fabrication, erection and all the rest—will take their have participated in important studies dating back 
to the early days of the Manhattan Project. 


places alongside nuclear specialization. Old hands 
will read new blueprints ... and a new team, com- B&W’s unmatched experience in high temperature 
bining Nuclear Research, Heat Engineering and metallurgy is but one of many facets of a strong in- 
Manufacturing Experience, will come into being. dustrial force that is geared today to meet tomorrow's 
needs in a wide variety of atomic energy instal- 
; fe ; lations, from research reactors to complete large- 
arrived at B&W. An integrated Atomic Energy Divi- scale nuclear steam generators. The Babcock & 
sion employing some 100 experts has worked from Wilcox Company, Atomic Energy Division, 161 
Brookhaven to New London to Shippingport, and East 42nd Street, New York 17, N. Y. 


To all intents and purposes, that day already has 





ATOMIC 
ENERGY 
DIVISION 
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cold trap, (d) measure the sodium 
pressure drop through the specimen 
tube under the design conditions of 
interest, 

the 


drawn by 


The Globeiron specimen, from 
Globe Steel Tubes Co., wa 
the Superior Tube Co 
ultimate strength of 
Ib/in.? It was composed of 99.5 + % 
Fe, 0.20% Mn, 0.03% C, 0.028% 8 
0.02% Cu, 0.008% P, and 0.006% Si 
The loops were cleaned by the alkali 


had an 
14,000 


and 


tensile 


tarting each 
test. filled with fil- 
tered “cold” liquid metal from th 


metals themselves befor: 


The loops were 


The liquid metal vere 
the 


sump tanks. 


tem 


around 


loop fi 


600—-700° J 


circulated 
peratures were raised to 
the 
metals are 
still hot, the liquid metal 
to the sump and allowed to 
300° F, where 

This pr: 
until 


oxide ind 
} igh W hile 


were dumped 


where solubilities of 


relatively 


cool to 
about contaminant 
precipitated, ess was re 
peated several time the liquid 
metals in the surge tank 
tively clean. 

Heat transfer. Thy 
that Globeiron maintained its original 
over-all heat 
throughout the 30-da) 


were rela 


table indicate 


coetficient 
Calcu 


transite 


period 





uv 





(Btustt®yne/*F ) 


4 
* ~ ist 10 doys of test 
* ~ lth to 20th days 
« ~ 2isf to 30th doys 


Over-Ali Heot-Tronster Coefticient 


= re a + . + 4 4 + 
900 i400 |B00 2,200) 
Fiow Rate of Nok in Annuius (ib/ hr) 











FIG. 2. Over-all heat-transfer coefficient 
vs annulus flow rate for intermediate heat 
exchanger during 30-day Globeiron test 

lated from test data as about 4,800 
Btu/ft?/hr/° F, 


theoretical calculations using the Marti 


it correlated well with 
nelli equation for the inside film and the 
sailey equation for the shell-side film 

The theories indicate that the shell 
side film contributes 72% of the total! 
the re 


div ded 


resistance to heat flow while 


maining 28% resistance is 


about equally between the inside film 
and wall resistance. This 28% value 
is applicable to reactor conditions and 


indicates that the heat-transfer coeffi- 


the 
10-mil the 
inside sodium film will be about 17,000 
Btu/ft?/hr/° F 
operating conditions. 

Corrosion. 
variation with shell-side flow 


the Na:Nak 


the combined effects of 
wall 


cient for 


Globeiron tube and 


under the specified 
The over-all coefficient’s 
rate for 
intermediate heat ex- 
changer is shown in Fig. 2. Most of 
the data falls the 
median line; this indicates that there is 


within +2% of 


no fouling of the heat exchanger due to 
mass transfer in the sodium loop. In- 
spection of the tube after the 30-day 
run confirmed the absence of deposit. 
the 


showed no 


Metallurgical examination of 


Globeiron tube 


significant attack on the material due 


specimen 
to exposure at the specified conditions; 
photomicrographs showed slight grain 
growth. 

data obtained 


from a pressure transmitter at each end 


Pressure-drop were 


of the primary heat exchanger. Con- 
siderable trouble was experienced witl 
this equipment during the test, so the 
pressure-drop data are invalid. 


* * . 


This article ia based on a paper presented 
at the Reactor Heat Meeting held 
at Brookhaver N ational October 


18 and 19, 1954 


Transfer 
Laboratory 





Thermal Neutron 


Distribution in 


the Concrete 


Shield of JEEP 


By F. ALDER* and H. KLEPP 
Joint Eatablishment for Nuclear Ene 
Research 
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* Member of ul 
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Cadmium shield 


Graphite Concrete shield 




















FIG, 1. 


Most of the absorption of thermal 
fast the 
core of a reactor is accomplished by a 
thick shield. In 


such a shield, it is important to know 
the 


and neutrons leaving active 


concrete designing 


factor by which a given neutro: 


density decreases after penetrating 


certain amount of concrete 


ADK 4A 





a 
Cu- 
Cu-foils Concrete biocks 





Copper foils were exposed 10 cm apart in concrete blocks through shield 


The theoretical treatment of this 


problem is very complicated because 


the customary age theory breaks down 


for large thicknesses (J rhe simple 
with only 
diffu- 


ove! 


group-diffusion method 
two groups assumes a constant 
sion length for the fast group all 


the shield. But 
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as the average neu 
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Distance from inner Surface of Concrete (cm) 
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FIG. 2. Neutron distribution in shield 


tron energy will certainly decrease with 
ncreasing penetration thickness, the 
validity of this method is doubtful. 
hus, an experimental determination 
eemed the most straightforward way. 


Experimental Arrangement 


Measurements were made using the 
JEEP reactor 
1 70-cm-thick graphite reflector and 


Its core is surrounded 


further enclosed in a 200-cm-thick con- 
rete shield lined with cadmium sheets 
the inner surface. 

Figure 1 shows how two 100-cm-long 
concrete blocks were fitted into a chan- 
nel leading through the concrete shield 
and the reflector to the heavy-wate: 
tank. A channel terminating at the 
nner surface of the concrete shield 

ild have been more suitable, but it 

ved to be very difficult to introduce 
1 graphite plug into the part of the 
channel that lies in the reflector. As 
an alternative, a 40-cm-long graphite 
block was attached to the inner con- 
ete block. It was separated from the 

ete block by a cadmium sheet. 

‘The thermal-neutron flux was deter- 

ed by the induced radioactivity of 

opper foils that had been 10 cm apart 
e concrete blocks. 


Measurements 


All the measured flux distributions 
ved a very pronounced bump at the 
tion of the two concrete blocks. 
ously, neutrons leaked into the 
ield along the surface of the inner 
ck, which did not fit very tightly. 
When the almost unhindered neutrons 
reached the outer block, they acted as 
an additional source. Figure 2 shows 
that when the gap surrounding the 


} 


block was enlarged intentionally 
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Measurement of X and gamma radia- 
tion with thimble ionization chambers 
is accurate and dependable, Thimbles 
have well fulfilled the demands of the 
roentgenologist over the years, Now, 
these same qualities are more and more 
evident to the physicist who encounters 
radiation measurement problems to 
which thimbles may be supplied. 
Newer types of thimble chambers 
mounted at the end of a steel probe 
may be used at distances up to 150 feet 
or more from the central control unit. 
Probes may be interchangeably con- 
nected to either the Roentgen Rate 
Meter or the Radocon, 


A list of probes follows with corresponding 
data on energy and sensitivity ranges. 


Radiation 
weeeet Spectrum 


(Kev) 
601 - 3, 10, 30, 100 
602 30, 100, 300, 1000 
608 od 3, 1, 3, 10 (4/hr) 


613 400 03, 1, 3, 1 


GO3 — gng_—_—_—1500, 5000, 15000, 50000 
605 0.3, 1, 3, 10 

C6 0h 3, 10, 30, 100 

607 = * 30, 100, 300, 1000 


604 20-50 40, 100, 300, 1000 
610 T'*! Ault 1, 3, 10 me I"! 
609 3, 10, 30, 100 


Sensitivity 
Ranges (r/min.) 


A thimble chamber may well 
be the answer to your mea- 
surement problem, Vic- 
toreeri's quarter of a cen- 
tury experience in design 
and construction of thim- 
bles and associated equip- 
ment is your guarantee of 
complete satisfaction, 


WRITE TO 


Medical Instruments Division 


Interchangeably con- 
nected to control units 
by coaxial cable, the 
stainless steel probe sup- 
ports thimble chamber 


at the free end 


Coaxial cable up to 150 
feet or longer connects 
the probe with control 
unit — provides easy, 
flexible handling 


The Model 510 Roent- 
gen Rate Meter, hous- 
ing power supply, rate 
meter, amplifiers and 
range selection devices 
for probe operation, 
may be mounted on 
table, wall or panel, 


The unique Model 575 
Radocon measures a 
preset roentgen quan- 
tity and the rate of 
delivery of dose or 
quantity. It can control 
the X-ray shutter, and 
many standard type 
recorders, 


A 
—/ The Victoreen Instrument Co 


5806 HOUGH AVENVE, CLEVELAND 3, OnIO 





ROMO SBOE, 4 


the flux showed practically the same 


- ' slope, but with an increased bump 
aSiC CCA 8) Ca f yy ‘ Thus, it seems safe to extrapolate the 
j Fp measured curves to a gap ol zero. 


— ~ —— The flux could not be measured 


through the whole shield. After about 


A High-Speed Scale-of-1,000 Unit 
for Proportional, Scintillation, or GM Counting 


140 em, the intensity was too low to be 
determined accurately with Cu foils. 
All the fluxes given refer to a reactor 
@ Plug-in scaling assemblies power level of 250kw. The calibration 
was done by comparing the flux with 
@ High-Precision built-in timer the central flux in the pile (3 


®@ Optional high-voltage ranges Conclusions 


@ 2 microsecond resolution time The neutron flux shows an almost 

exponential decrease. Of the simple 
@ Rapid-reset, six digit register theories, only the two-group diffusion 
theory predicts such a decrease. Be- 
cause of the Cd-shield at the inner sur- 


move. 5 508 “eg face of the concrete shield, only neu 
bs-1 645.00 INDIANAPOLIS trons with energy above the cadmium 
cut-off can enter the concrete, where 
FREE CATALOG they are thermalized and finally ab- 
Cotalog N-8 covers NC's complete line of sorbed. Thus, after a sharp rise 
nuclear instruments 
within one migration length from the 
cadmium shield, the thermal-neutron 


Foremost Manufacturer of Proportional Counters flux distribution follows from the two- 


~~~ Wuclear Measurements Corp. “1? ‘ition theory for spherical 


geometry 


2460 W. ARLINGTON AVE. « INDIANAPOLIS i6, tuo dn =doe ™ 
where M L? + L,? migration 


r 


length in concrete, L = thermal diffu- 
sion length, L, slowing down length, 


and r distance from center of reactor. 

HAN D L e Hi ! G 4 VO LTAG E Ss ore si a grb re 

AT M oO D E RATE POWE rR and the cross sections of the contained 
ss «@ 


elements for all energies were known, 


RESISTANCE VALUES TO VY could be calculated. In reactor 


calculations the initial neutron energy 
1 MILLION MEGOHMS usually is assumed to be 2 Mev. The 
fission neutrons will be slowed down in 
the reflector. Using age theory, one 
finds that after penetrating some 70 cm 
of graphite, the average energy will be 
reduced to the cut-off energy of cad- 
mium, so that it is reasonable to assume 
that the neutrons entering the concrete 
shield have an energy of 1 ev. For 
such neutrons the calculation gives 


: -_ . 
Vi? 73 cm*. From the measure- 


RPC’s High Voltage Resistors are stable, compact units, with ments, it follows that M,.,* = 78 em? 
minimum aging and humidity effects. TYPE B, from 1 to 64% which is in good agreement with the 
inches long, can be mounted on a panel and assembled to form calculation. Measurements with and 
tapped or matched pairs. TYPE D, from 6% to 18 inches long, without the 40-cm graphite slab showed 
can be supplied with silver bands, termi- no measurable difference in the thermal 

nal lugs or ferrules. neutron distribution in the shield 
For special assemblies, Corona problems or adnan me Eon flied malate of 
special sizes, free consultation is available. ' 
ist and slow neutrons entering the 
shield will, with increasing penetration 


thickness, approach a distribution only 


FReesistance Propucts Co. __ ‘mines by the fast component 
914 South 13th St. * sburg. Penna. Thus, removing the cadmium shield 
Makers of Resistors — High Megohm, High Voltage, High Frequency, Precision Wire Wound. 


should cause a change of the flux only 
it the inner part of the shield, while 


February, 1955 - NUCLEONICS 





the neutron flux at the outer surface of 
hield of 


ractically unchanged. 


reasonable thickness remains 
This does not 
ean that. the cadmium shield could be 
tted easily. to the 
of gamma-rays 
one should always stop the 


Due strong 


penetration 


through 
nerete 


neutrons as soon as possible, so that 


the capture gammas must penetrate a 


thick laver of concrete. 
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Nuclear 
Nostrand (o 
B. Grimeland 
ent for 


West Germany Studies 
Reactor Design, Materials 


While 
es to permit a 
Dec. 54, p. 72 


awaiting ratification of treat- 
10-Mw (NU, 
), the Bonn government 


reactor 


ind West German firms are sponsoring 
tudies of reactor design and materials 
technology. 
Che $3.5—4.75-million reactor planned 
Munich Karlsruhe is being 
at Géttingen’s Max Planck 
Institut fur Physik by a group directed 
by Werner Heisenburg Karl 
Wirtz. It would be similar to Britain’s 
6-Mw air-cooled graphite-moderated 
natural-U BEPO (NU, June ’53, p. 
68 would cutting 
i146 in. 


or 


designed 


and 


include 
ug spacing from 744 in, to 
ind making cooling channels 
than BEPO’s 3! 


In addition to research and experi- 


Changes 


larger 
6 in’, 
nental functions, the reactor would be 
ed for producing Pu on a small scale 
eventual use in an enriched power 
totype. To aid Pu production, this 
to 
neutrons 


st reactor is designed 


ol 


minimize 
Chan- 
Adenauer has voluntarily pledged 


cape resonance 
estrict Pu production to 7.7 lb/y1 
Paris ag 
West 


iclear weapons production. 


is to comply with the ree- 


ent’s clause against German 


[It is planned to use about 25 tons of 


estically mined, refined, and manu- 
il-U 


tured natur fuel elements clad 
either Al Zr. Although the 
ip would like to test pilot elements 
of 10” 
unable to make ar- 
Use of DO has 


considered to decrease fuel needs, 


i reactor flux n/em?/see, 


have been 
gements to do so. 
een 
it present plans envision using 200 
of graphite for the moderator and 
inusually large reflector. 
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TEFLON’ 
CAN 


improve your products 


low power facior 
high dielectric strength 


* Short-time dielectric strengths from 
., per mil in thickness 


1,000 to 2,000 v 
of 5-12 mils * H 


Exceptional qualities of 
“JOHN CRANE” TEFLON 
make it highly desirable for 
a wide range of equipment 
and parts lines. Manufacturers 
of precision equipment and com- 
ponent parts cannot overlook 

remarkable electrical, thermal, me- 
chanical and anti-corrosive advan- 
tages. Note Teflon’s outstanding 
properties and characteristics. 


ELECTRICAL PROPERTIES: 
Power factor less 
than 0.0005 over 
the entire spectrum 
from 60 cycles to 
30,000 megacycles, 
with a dielectric 
constant of be- 
tween 2.00 and 2.05 


Corronon resistant 


weather test °* 


igh resistance tosur- absorption 


face arc + Volume resistivity greater 


than 1015 ohm-cm « Surface resis- 


tivity drops to 


100 percent relative humidity. 


f 


4 


a. 


Outstanding 
thermal choracteristics 


ness 60,000 psi. at 77 deg. E+ Friction 
coefficient against polished steel (stat- 
.12 + Remains flexible down 
to —94° F. Serviceable up to+482°F. 


ic) .09 


Pm ryion 

f, Mf o ~~ 
\W// 

tem 


M 


only 1013 ohms at (// 
{| 


THERMAL AND 

MECHANICAL PROPERTIES: 
Tensile strength 
1,500 to 2,500 psi. 
at 77 deg. F. ° 
Durometer hard- 
ness 55 to 70 « Stiff- 


Typical Application 


specific needs. 


\ 


TYPICAL 
APPLICATIONS: 


“) For such applica- 
7) tions, as vhf, uhf, 
or high voltage 

high temperature 
insulator forms, 
heat-resistant linings, oil and fire- 
wall seals, gaskets, valve discn or 
seats, packings, flexible bellows, dia- 
phragms, slot liners, heat sealer jaws 
and dough rollers. Let our engineers 
fit JOHN CRANE’TEFLON to your 


@DuPont Trade -mork 
for tetraflouvro 
ethylene resin 


ANTI-CORROSIVE 
PROPERTIES 


Resists al! chemical 
liquids and gases 
except molten al- 
kali metals and 
fluorine and chlor- 
ine trifluoride +No detectable changes 
in properties over l-year outdoor 
Zero 


water 


*JOHN CRANE* TEFLON parts can be manufactured to your specifications. Investigate now. 
Let us know your requirements. Send for ovr 12-page illustrated catalog. 
Crane Packing Company, 1849 Cuyler Ave., Chicago 13, ili, 


CRANE PACKING COMPANY 


In Canada 


Crane Packing Co., 


LAd., 617 Parkdale Ave., 


\., Hamilton, 


Ont, 





INDUSTRIAL APPLICATIONS . . . continued trom page 11 


Tritium Determines Moisture Gradient 


in Attached Protective Coatings 


By G. D. CALKINS, M. POBERESKIN, 
Vv. E. YOUNG, and L. J. NOWACKI 
Battelle Memorial Inetitut 

Columbus, Ohio 


TO DEVELOP BETTER PROTECTIVE COAT 
ines and alleviate the serious corrosion 
damage that results from their pene 
tration, penetration mechanism must 
be understood (1, 2) Permeation of at 
tached filma can be studied using radioi 
sotopes, while previously permeability 
data only on unattached films has been 
obtained (8-4). 
range emitter (tritium) as the trace 
moisture gradient in the film can be 
studied. This article presents a study 
of moisture penetration of varnish films 

Briefly, the method consists of de 
positing a uniform film on a steel test 
disk, exposing the disk to tritiated 
water vapor, and successively remoy 
ing uniform film layers and determining 
the radioactivity of new sul 
face. Counting rate is 
to film moisture concentration Test 
Technique” gives the procedure 

The procedure appears to be gen 


By choosing a short 


Cnt h 


convertible 


erally satisfactory and should be used 
to study penetration into all types of 


protective coatings on all backings of 


interest, under varying conditions 
These data would provide 
work for understanding protective coat 
ing mechanisms. This study 


considered clear varnish,* as imperfec 


a ground 
initial 


tions, scratches, dust and gel-particle 
size are easily observed in a clear film 
In this varnish the range of the tritium 
B particle is 0.26 mil 


Experimental Results 


Varnish films were exposed for |, 10 
13, 15, 72, and 100 hours at 25° C and 
100% relative humidity 
penetration occurred in all cases 

Exposure for 13, 15 and 72 hours. 
Moisture penetration data for varnish 
films exposed 13, 15, and 72 hours are 


Extensive 


485-B (II 


Services 


* Federal Specification TT-I 
enamel for drums. , . (General 
Administration, Washington, D. ¢ 


16 


shown in Fig. 1. Moisture concentra 


tion, measured as tritium counting 
rate, was constant within a factor of 2 
the films. As 


conditions were modified for each test 


throughout counting 
counting rate could not be converted 
to water weight. 

Exposure for 1 Moisture 
completely penetrated the film during 


hour. 


l-hour exposures, as shown in the 
table. the the 


tritium activity, and the water’s spe 


From varnish area, 
cific activity, the film water content 
calculated. It 


throughout the film thickness 


was was almost con 
stant 
These values are correct within a fac 
tor of 2 or 3; this precision probably 
can be improved. 

Exposure for 10 and 100 hours. 
Before exposure these films were stored 
in a desiccator containing used CaSO, 
at an estimatedyrelative humidity of 
60%. <As the films 


radioactive moisture 


contained non- 


no attempt was 
made to convert counting rate to mois 
Tritiated-wate: 


ture concentration 


concentration decreased with increas 


ing depth into the film as Fig. 2 shows 


Significance 
The data 
throughout the film. 


indicated penetration 
Moisture pene 
tration at the disk-film interface might 
invalidate this conclusion, for then the 
moisture might diffuse toward the ex 
posed varnish surface and might also 
react with the steel, producing Hy, gas 


that might diffuse. Because only on 





. 
S~hwr exposure 


7'2-tw exposure 
. 





iS-hr exposure 


Relotve Radiooctrity 


(3~hr exposure | 





» * 
05 10 °C 
Thickness of Vornish Filrn (mils) 








FIG. 1. Moisture gradient in varnish ex- 
posed to 100% relative humidity at 25° C 
for periods shown. Moisture content is 
proportional to radioactivity 





@ 100-hr exposure 
@ Ob exposure 


| 
ou a * 
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Thickness of Varnish Film (mils) 











FIG. 2. Moisture gradient in varnish ex- 
posed to 60% humidity of ordinary water, 
then 100% humidity of tritiated water. 
Tritiated-moisture exposure interval shown 





Moisture Penetration in Clear Varnish 
After 1-hr Exposure 


Varnish Radioactivity Moisture 


* 


remaining 10° disinte- concentration 


mils) grations /min) (mg/em*) 


Sample 1 Readings 2-9 0.13 + 0.03 
1.52 127 65f 
27 5: : 17 
O01 < OY 
j 1] 


v 


could accumulate, re- 
shown as range, with 


«quare root of sum of 


* Because error 
maining thickness is 
total error equal to 
squares of each error 

t These values are 


high, probably be- 


cause of surface condensation. 
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(10-hr 
showed an increase in moisture con- 


experimental point exposure) 
centration near the interface, it was 


neluded that interface penetration 

The 100-hr data 
support this conclusion. 

Hygroscopic property of varnish. 


The moisture concentration of about 


not oct urring. 


0.15 mg/em* found in the films ex- 
posed for 1-hr is about six times higher 
than that in humidity chamber (0.023 


mg/cm? 


If moisture were penetrat- 


ing or diffusing through pores, film 


moisture concentration would not 


ed chamber moisture concentra- 
Thus, it appears that the varnish 
ygroscopic to some extent. 
Penetration behavior. 
at i-hi 


noisture to 


It was hoped 
exposures would not allow 
permeate the varnish 


complete] Such would 


nave 


specimens 
lowed  initial-penetration-rate 
ilculations. Also, any water entering 
t the interface could have been ob- 
ed. However, the 1l-hr samples 
howed complete and essentially uni- 
orm penetration throughout the film. 

The behavior of tritiated water in 
10- and 100-hr sam- 
explained. Moisture 
at 60% 
than 
100% hu- 


Upon high-humidity ex- 


the pre exposed 
readily 
alter 


humidity may 


nie Ls 
} 


content pre-exposure 
have been less 
be obtained in the 


dity test. 


would 


posure, additional moisture would 
permeate and re-establish equilibrium. 
Based on the other results, equilibrium 
probably occurs in less than an hour. 
here was probably some exchange be- 
tween normal moisture in the film and 
tritiated moisture in the chamber, 
Chis equilibrium occurs slowly and was 
not attained in the 100-hr exposure. 
Che pre-exposure experiments do not 
change the interpretation of the results, 
that 


etely penetrates and attains uniform 


vhich indicate moisture com- 


ieentration ina 1.5-mil-thick varnish 


less than an hour. Data are 


flicient to deduce a mechanism to 
explain the rapidity with which mois- 


ture permeates the varnish. 
. . * 


This study waa performed under the 
sponsorship of the Department of the Army, 


nder Contract No. DA-44-009 eng-1732 
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Test Technique 


1. Preparing test disks. Disks 1-in. diameter * ‘4-in. thick are carefully 
machined from cold-rolled steel, the surface polished to a smooth, not mirror, 
Disk is cemented with Duco to disk holder, of 


Micrometer measurements after cementing insure front and 


finish, and degreased with toluene. 
same dimensions. 
back face parallelism within 0.2 mil. Disks are placed in well-type holder and 
varnish applied with dropper. 
about 1.5-mils thick, 


Air drying for 1 hr prevents film from shrinking at edge 


Doctor blade drawn over disk leaves uniform film 
as calculated from film weight, disk surface and varnish 
density. Baking at 
800° F for 20 min cures varnish. 

2. Exposing varnish. T'est disks are suspended by Pt wire so varnished face 
is parallel to and above tritiated water in glass planchet issembly is enclosed 


Rela 
Water activity is 5.40 + 1.10 * 10 


in sealed 8-0z wide mouth bottle placed in water bath kept at 256 + 05° C 
tive humidity of 100% is maintained. 
dpm/mg. Ul nvarnished parts of disk are covered by electroplating tape to reduce 
corrosvon during ex posure 

3. Polishing preparation. 
posure and disk is put in covered weighing bottle, 


yw” ¢ 


Tape is stripped when disk is removed after ea 
Assembly is quickly cooled to 
' or lower and kept there during remaining operations to minimize evapora 
tion (water's vapor pressure is 0.776 mm Hg at this temperature Low tempera 
ture also increases varnish hardness, facilitating polishing. Remasking before 
polishing (by brushing on 10% collodion and letting ut air dry), eliminates possi 
bility of measuring radiation from surfaces other than the varnish, and mini- 
mizes detector contamination. 


4, Polishing. 


0.1-mil-varnish layers are removed. 


After remasking disk is placed in polishing jig 
Specially de signed polishing Ji holds teat disk as uniform 
After removing each layer, disk is counted 
to determine tritium content of varnish, but before counting starts about 0.2 mils 
of varnish are removed to minimize detector contamination and to secure a plane 
surface for future Ope rations 

Diol wvchocotor 


Polishing jig (at right) has care- 


fully 


varnish surface horizontal 


machined surfaces that keep 
Firat step / Twist retaining spring 
in removing varnish layer is attaching ’ 

disk holder to specimen holder with a oe 
Disk 18 


so that desired 


Body 


taper pin lowered by 


: : , 
adjusting feed screu crew holder, 


film thickness protrude s be yond jig’s 


Feed screw, 


bottom 





Sliding jig over silk polish- t g° 265 


ing cloth mounted on stationary 


— want] 


} Feed rod 


j Bustung 


wheel re- 
Silk is 
removes 

Neu — werorte cr eerd — f 


Disk holder 


metallographic polishing 


moves protruding layer 
tested that 


varnish without scratching u 


only material 


Test disk 


cloth area is used for each atroke to 
. Salk polishing cloth 


avoid contamination 
(0.1-mil thickness 
Following film removal disk holder is taken off and film thickness 


Constant-reading micrometer divisions) indicates film 
removed 
determined at four points by micrometer calipers to check that a plane parallel sec 
Tests with 0.0001-in. caliper show that thickness can be 


O15 mil 


tion has bee n re moved 
measured to 0.1 
5. Counting. 


and scaler are used for counting. 


After thickness measurement sample is counted 
Proportional-flow counter using methane gas (>99% purity) 
In counting arrangement, counting gas passes 
1? C 
C’ sample counting rate decreases with decreasing 
Other 


to convert counting rate to disintegrations per minute, are 10 


through Tygon tubing coiled in dry ice and thus is kept at a6 4 


At temperatures below 0° 
temperature Al temperature used, correction factor for this effect is 1.4 
correction fa tors 
for geometry, based on experiments, and 5 for self-absorption, based on calculations 
for an “infinitely thick 0.26 mil 
factor ws 74 


absorption is reduced 


varnish layer (6) Thus, over-all correction 
Because last layer of varnish is less than 0.26 mil thick, self- 
Assuming a thickness of 0.2 mil, factor is 4; making 
over-all correction factor 60. 

No correction for backscattering from steel disk is needed, as scattered particles 
will not penetrate 0.26 mil of varnish. For a 0.2 mil thickness, leas than 3% of 


activity results from backscattering. 








NEW 


AND IMPROVED 


167 


fob. Pesadens, Calif 


A brand new version of the 
Jordan Radector—widely 
used for Civil Defense—is 
now available for general 
purpose x-ray and isotope 
monitoring. 


© Two beta-gamma models each with two loga 
rithmic scales 
Model AGB-50-SR 
Model AGB-500-SR 


05-50 mr 


5.500 mr/hr and 5-500R/hr 


© Built-in calibration 
of at least 10% 


ource provides accuracy 


Energy dependence 
from 75kev. to 
of Stds.) 


Substantially independent 
1. 2mev. (Tested by Nat'l Bur 


Stable, low voltage circuit with Neher-White 
ion chamber eliminates such troublesome 
components as high voltage supply, vibrators 
transformers, and high meg resistors 


Battery life—Continuous use 
by Nat'l Bur. of Std: 
two years 


A400 hrs 
Intermittent 


Tested 
One to 


Hermetically immersion 
mounted, unaffected by temperature 
of pressure variations 


Los Angeles Tumor Institute « ( 


sealed proof hoch 


humidity 


ancer Research Institute 
Boston * University of California * Stanford University 


* California institute of Technology * High Voltage 
Engineering Co. + 
organizations + AL | 


the Military 


Radiologists and medical research 


installations * Civil Defense and 


Multi-channel Remote Area Monitoring Systems 
utilizing the Radector circuit are also available 
Dealer inquiries invited 


WRITE FOR BULLETIN AGE I 


Jordan Electronic Mfg. Co., inc. 


119 Best Union Siveet * Pesedene |. Californie 
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FIG. 1. Radiation-absorption factors 


Borehole Radioactivity 


In U 
Texas Co.), Gerhard Herzog and Alex- 


S. 2,686,881 (assigned to The 
ander 8. McKay describe a method for 
determining the absolute radioactivity 
of boreholes for interpreting the geo 
logical formations at various depths 
To the 


jactivity, corrections must be 


determine absolute radio 
made for 
by the well casing 


the 


absorption.of y-rays 
the 
drilling mud and for y-rays normall 


cement around casing, and 


emitted by the drilling mud. Typical 


| dimensions of these materials in a bore 


hole are: cement, 1 in. thick; steel 





Radioactive-Gas Emanator 


In the conventional method of gen 
erating radon, oxygen passed through 
a radium bromide solution carries out 
Klaborate 


filtration is necessary to prevent drop 


the accumulated radon gas 


lets of the radium solution from passing 
The method 
2,688,098, issued to 
thi 


through the gas outlet 
described in U.S 
Augusto A. Monasterio, 
disadvantage by 


avoids 


using no liquid 


solution, 





RoBr, + 
asbestos wool 


orrrryrrr 
2rrzrrTz 


a = 
xxerz 


Stainless steel 


Porcelain 


ae ae a 


= 


Sheet metal 





Heating 


ao nnn nen ee aa ee 
—~— i 














FIG. 3. 


Radioactive-gas emanator 


FIG, 2. 


Drilling-mud radioactivity 


casing, 44 in. thick; drilling mud 
the 


pended in a 


2 1n,; 


and instrument is sus- 


counting 


35¢-in. cavity. These cor- 


rections are expressed as 


x evs) + f(DMt) 
where J is the observed counting rate, 
To is the rate that would be 
hole 


activity), the bracketed terms are the 


obse! ved 


in a dry uncased “absolute” 


) 


absorptions (taken from Fig. 2), and 


f(DMb) is the radioactivity of the drill- 


ing mud (taken from Fig. 3). The 
radioactivity of the mud is determined 
by dipping the counter in a known 


thickness of mud outside the borehole. 


As shown in Fig. 3, a closed porous 
porcelain capsule is filled with a carrier, 


9 
e.g 


asbestos wool, which has been im- 
pregnated with radium bromide solu- 


The 


walls, impervious to radium particles, 


tion and dessicated. capsule 


are shock prool mounted bet ween 
springs. The 
nected through a valve to a radon-gas 
filled by 


permits 


bottom nipple is con- 


container, which is 


The 


flushing out the capsule. 


storage 


vacuum cap on 


top 
The 


tempe! 


heating 


element maintains a iture ol 


500° F to accelerate emanatio 


NO-Quenched Counter 


Herbert 
provement in self-quenched G- \I tubes 
in U 


ing mixture of 0.5-5.0% nitric oxide in 


Friedman discloses an im- 


5. 2,688,097 sy using a quench- 
i rare gas such as neon, the useful life 
of the tube is increased from 10° to 10' 
counts. In addition, the regenerative 
powers of the mixture permit repeated 
the tube after suitable 


use ofl storage 


periods; this is apparently due to re- 
composition of the quenching constitu- 
ent, which may have been decomposed 
in the act of The NO 


freezing point is low enough so that 
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opel! ated successfully in 


Radiation Detectors 
] iM 


n out 


Polaroid 
three 
ction devices. 
175 


Corp. has recently 


patents on radiation 


S. 2,687, 


2 by Edwin H. 
unit for 


which can be 


Land 


ribes a film detecting 
held 
processed in the mouth of the user. 
2,689,307, by Murray N. Fair- 


a dosimeter 


ileal radiation, 


U. 8 


bank, describes in which 
in envelope contains a photosensitive 
well 


element as a4 rupturable con- 


tainer of a photographic processing 
position 
5. 2,689,308, by Edwin H. 
containing an 
ilkali halide erystal that becomes blue 
vnen 


change 


Land 
describes a dosimeter 
subjected to X- or y-radiation. 


device for measuring the color 
a red filter, 
and a rotatable analyzer. 
* * 7. 


consists ol ua split- 


field polarizer, 


These descriptions are based on abstracts 
shed by Melvin Nord, Registered Pro- 


onal Engineer, Patent Attorney, Detroit 
Vich 


Government-Owned Patents 


(2. 692.,- 
Nelson 
(U,Ni), 


nuclear 


Uranium-Nickel Metal Alloy 
M. bk. Cieslicki, B. J. 
uranium-nickel 

iseful in 


alloy 
construction — ol 
reactors, has improved corrosion resist- 
ince through incorporation of nickel. 

Liquid Sampler (2,693,705), J. A. 
Casler, H. O. Smith, L. F. 


M Sampling apparatus for 


Coleman, 
Levens« n 


idioactive corrosive or valuable 


liq- 
ids sample is 


ntaine) by 


removed from source 


aspirator into sampling 
ntainer, then into aspirator stream 
Natural 
tation assures representative sample 
Radio Electric Generator 
| Ohmart In 


to electrical energy, 


kK Into source container 
2,696,564) 
converting radio- 
radiation 
tor requiring no external electrical 
generates current proportional 
ount of radiation. 

The Isotope of Curium Having a Mass 
Number of 238 (2,698,290), G. T 
K. Street, Jr.—Describes pro- 
80-Mev-alpha 


with 


ol a by 


irdment ol Pu? ’ clotron 


chemical separation of isotope 


m resulting mixture; Cm?" is identi- 


1 | analysis 


fi ilpha-particle pulse 
free licenses 
apply by number and title 
Branch, Office 
Atomu 
Wasinghton 25, D.( 
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patente 
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years 

of weapons 
engineering 
experience 


If you're looking for an opportunity to work with the finest mindpower 


and facilities in the whole new world aircraft development if you 


want to harness the power of great knowledge to your own technical 


training...then you should know this 


Martin's engineering stafl represents an aggregate of 10,000 man-years 


ol engineering experience, covering every branch of the aeronautical 


SCICTICCS, 


there } and always will be—a need for outstanding “new blood” 


And 


in this organization. 


ant, the woods ave full of them. But if you are one 


If it’s only a rob 
of the fe 


yOu 
wise to 


you ll 


vho ave destined to go far in this industry, you'd be 


take an engineer's-eye view of the mindpower and the facilities 


be working with 


Write to J. M. Hollyday, Box N-2, The Glenn L, Martin Company 





MISSILE 
SYSTEMS 


/ hy secists 
and 


Engineers 


New developments at Lockheed 
Missile Systems Division have 
created positions for phy sicists 
and engineers of outstanding 
ability in: 

RADAR « COMPUTERS 

SYSTEMS ENGINEERING 
COMMUNICATIONS 
TELEMETERING 

MECHANICAL, ENGINEERING 
ELECTROMECHANICAL DESIGN 
TEST EQUIPMENT DESIGN 
INSTRUMENTATION 

NUCLEAR PILYSICS 

OPERATIONS RESEARCH 


bhi, 


MISSILE SYSTEMS DIVISION 


research 


and 


engines ring 


staff 


LOCKNEED AIRCRAFT 


CORPORATION 


VAN NUYS *CALIFORNIA 


BOOKS 


Radiation Biology, Vol. 1: High 
Energy Radiation (Parts | and 2) 
ALEXANDER HOLLAENDER, editor (McGraw 
Hill Book Co., Inc., New York, 1954, ix 1265 
poges, $17.50 for both parts) Rev 
\. J. Crpnians, Atomic Ex 
Lid., Chalk River, Ontari« 
This book is 


eighteen cl 


contained 
lin and 
vritten by 
york | 
to be understood b 


there j 


ipters 
field 


mentary in p 


an expert in the 
ufficiently ele 
On ti 


hn girine 


ther hand enough advan 
material to make it useful to the expe 
enced radiobiologist 

The first chapter deals th the ph 
radiation with n 
ter Although it is 


cerned with high-energy 


il interaction o 
principally con 
radiation, the 
treatment is such as to apply to elect 
magnetic radiation in general 

The second chi pter ¢ plains the 
important subject of dosimetry It 
the pitfalls like to beset the 


CLISCUSSe 


experimenter and make 
for avoiding them 
Che third chapter is con 


the ph 


erned 


sical-chemical reaction 


follow the absorption i electromag 


netic energy It mw nonmathematic 


( hapter four explain the primar 


{ 


chemical reactions that follow the in 
biologi 


troduction of energy into a 


tem It starts with the radiatior 


cribes the 
t that car 


chemistry of water and ae 


ol biological intere 


reaction 
be reproduced tn vitro 

( hapter five goes on to describe the 
reactions of interest in vivo 

(Chapter six deals with linear energ 
transfer or what might be termed miecr« 
losimetr) It 


points out that the 


consideration and the 


ited int vdidition 


reaction under 
material being irradi 
fuctol ol 


ufficient 


importance, There ar 
examples given of relative 
biological effectivene different 
radiations to emphasize the state 
confusion in this field 

Chapter seven deals extensively wit 
the genetic effects of radiation The 
opening remarks of this el 
vell be the 


ipter ma 
most controversial in the 
book 

outlines the 


( hapter eight present 


ideas of the mechanism of producti n 


ot mutations Since mutations ars 


largely considered to be the most u! 
desirable effect of radiatio 
important discourse 


( hapters nine and ten are 





iberrations in plants 


tl chromosome | 


ind animals They are largel de- 


e of the changes that are found 


ibe the mechanism 
with some reference 


Implications in the life of the 

ribes the immedi- 
radiation on subseq ue nt 
It is also concerned with 


the extraneous tactor that 


aivision 
might in- 
mitosis rhe 


effects on the 


fluence post-irradiation 


mmediate observable 


romosomes are given together with 


their significance in cell viabilit 


( hapter twelve discusses the genetic 
which conclusions re- 


efiects of 


experiments trom 
garding the genet radiation 
onthe human race might well be drawn. 
on the mouse 


Phese experiments largely 


e still in progre o that information 


on this sul ject is incomplete 
{ hapter thirteen covers radiation in 


This is 


tant sulyject in the field of radiation 


enatal development in im- 


otection, but strangely enough its 
investigation ha 
in the hands 


( hapter lo 


laced an important 
of the emb: ologist 
somewhat of a 


chapter It 


irteen 1 
ipitulation of earlier 


) deals with the important question 


radiation sensitivity and radiation 


esistance 


Chapter fifteen ce with the physi- 


yy ol radiation 


injury after it be- 


q 


nes apparent in the whole organism 


t outlines in a very useful manner the 


present concept of the steps leading to 
icute radiation inju 


Chapter sixteen is on the haemato 


ogical effects of radiation There is 
ably no this field on 


ited 


subject in 
vhich more data has been accumu 
Ihe scope ol this cl 


ipter is ver broad 


d one must rely on the references for 
detail 
describes the his- 


venteen 


Chapter se 


tological effects of radiation on the dif- 


ferent mammalian tissues and again dis- 
isses the question of radiosensitivity. 
Chapter eighteen deals with radia- 
on careimogenes! by referring to 


effects of different 
1 and the 


forms of radia- 
susceptibility of different 


rans to tumor growth The proba- 


f 


je mechanisms of cancer production 
discussed 

From the above description can be 
seen the wide range of subject matter 


This an 


es given at the end of each ch ipter 
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ered d the numerous reler- 





this the most useful work of its | 
Its 


eakness is the repetition which is 


in the field of radiobiology. 


rent in a book compiled from the 
Its treat- 
nt of the clinical effects of radiation 
but . there 
material to make it useful to the radia- 


f so many authors. 


ncomplete, is enough 


tion therapist and any one interested 

in the use of radioactive isotopes. 
That most of the material dates back 

to 1951 does not detract from the use- 


the work 


really no major advances in the 


fulness of since there have 
heer 
Rather, it is evidence 
effort that 


been expended in its production. 


since then. 


onsiderable must 


Physical Aspects of 
Betatron Therapy 


By JOHN S. LAUGHLIN (Charles C Thomas, 
Springfield, 1954, xiv + 98 pages, $3.75). 
Re H. Kk. Jouns, Saskatchewan 


Ca Commission, Saskatoon, Saskatche 


ewed th 
wit anda 


Thi 


found 


well written monograph will be 
to 
the 


electron 


useful those using or con- 


of 


beams 


templating 
K-1 

therap\ 
to radiation physicists interested in the 
of 


use high-energy 


and in radio- 


The book will also be useful 
interaction 


high-energy radiation 


with matter. The author is well quali- 
fied to write such a book since he is one 
of the few men who have had practical 
the the 


betatron in 
The book 
The first sec- 


with high-energy X-rays and 


with 
ol 


written in two sections. 


experience 


treatment 


tion deals 
the er 


electron 


ond section with high-energy 


rhe first two « hapters discuss briefly 


methods of producing high-energy 


with the betatron. 


| 
ma 


The spec- 
spacial distributions of this 
The 


measurements 


tion are discussed. results 


lepth-dose are pre- 


| and the preferential absorption 
me ind other 


biological mate- 


cussed. The practical value 
ok would be increased with the 
1 number of isodose curves. 


three 


on ot 


pter and four are con- 


vith measurements of the radia- 
el at various points around the 


It 


noted that since this book was 


ind in the control room 


further advances in the design 
cal betatrons have taken place 
pter five is concerned with a few 


linical applications in both 


d and rotation therapy 


ollows a ¢ hapter on dosimetr 


h the original work of Dr. Laugh- 


th the calorimeter is capably dis- 
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cm SINCE 1915 LEADERS IN AUTOMATIC 


CONTROL 


MECHANICAL MEMORY 
with a heart 


engineers draw the of scientific 
i problem. In a recent project, Ford found good use for 
components it developed a score of years ago to produce a mechanical memory 
system whose accuracy is independent of the time interval, and which meets a 
military requirement of absolute reliability. 


Ford Instrument Np a on entire scope 


knowledge to solve eac 





> OUTPUT 
INPUT B 











In an instrument in which the input quantities may vary with time, it is desired to 
produce an output equal to the change in one quantity A since the time t,, added 
to the value that a second quantity B had at time t,. At the time it is desired 
to store another output equal to the change in quantity A since a second time t, 
added to the value that the quantity B had at that time t,. It is further desired at any 
subsequent time to be able to read the first output or alternately the second output 


! 
Sutin 


rhe storing of this information is accomplished by closing clutch C at instant 
| and clutch D at instant 2. The first output is then read directly at any subsequent 
time and the alternate output by opening clutch ¢ cle clutch D is then 
opened 


lo recs 


Whatever problems must be solved in designing and manufacturing computers 
skills in electronics, magnetics, hydraulics and mechanical ame 
trical technique ; 
for the purpose 


and controls elec 


ire called upon by Ford engineers to deve lop the best instruments 


If you have a problem in control engineering, Ford Instrument ¢ ompany's forty 
years of experience in high precision design and production will he lp you find 
the answer. 


2 FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


J 


ENGINEERS 


of unusual abilities con find ao future at FORD INSTRUMENT COMPANY. Write for information 





where a leak 


means a loss— 


Designed especially for highly 

corrosive applications, high 

vacuum work and mass spectrometry, 

this 440 Series of small bellow 

valves provides maximum safety. 

Tests prove them capable of with 

standing more than 100,000 

cycles, at low pressure, in non 

7 corrosive service; leakage rate 
i across seat and into valve 
tess than .001 micron CFH 


1/8” to 1/2”, with 1/4” and 1/2” 
Valve body, 316 stainiess steet; Swagelok tube ends. On special 
long-life, inert, arc-weided ine 
bellows assembly, 18-8 stainiess order, available in 1/8” and 
steel. Teflon seat jackets are 1/4” with air operated motor. 
replaceabie. Back-seating design. 


Write for complete information 


HOKE INCORPORATED 
Fluid Control Specialists 
233 $. DEAN STREET, ENGLEWOOD, N. J. 


Hevimet absorbs gamma- and X-rays 
1.4 times more effectively than lead 


Carboloy® Hevimet—an alloy of  semifinished or finished machined 
tungsten, nickel and copper —com- __— parts 
bines high density and high tensile Machinability: Easily drilled, 
strength. Screens of Hevimet turned, bored, etc.—Surface Finish 
require 40% less thickness than Can be ground, polished, or lapped 
lead to provide the same gamma to high luster; or plated with 
ray and X-ray attenuation. Hevimet cadmium, chromium, or nickel 
does not soften until 2500°F.; is non Attachment: Easily joined with 
magnetic; contains no cobalt other materials by any of several 
Hevimet is manufactured to a conventional methods 
rigid quality standard. It is avail For complete technical reports, 
able in rough blank form or a end for Bulletin HV-4. 


Nominal Properties of Hevimet 


Chemical Composition: °/, (Nominal) Thermal Properties: 
Tungsten 90 «©=—s Coefficient of Thermal Expansion 
Nickel 6 Cin. /in. /°C) (20°-400°C) 


Copper 4 Electrical Properties: 
Mechanical Properties: Electrical Conductivity 15.4% |.A.( 


Tensile Strength (p.s.i.) 95.000 Min. Magnetic Permeability non-magnetic 
Hardness (Rockwell C’’) 20-30  $hielding Properties: 

Modulus of Elasticity (p.s.i.) 50 x10¢ X-Ray Absorption @ 2,000,000 volts 1.4 x lead 
Modulus of Rupture (p.s.).) 200,000  Half-Value Layer for Co® (inches) (narrow beam) 0.33 
Yield Strength (0.2", offset) (p.s.i) 5,000 (broad beam). 0.344 
Elongation (% in 2 inches) Min. Other Properties: 

Proportional Elastic Limit (p.s.i) 27,000 Density (gms/cm*) 16.9 


“Carboloy” is the trademark for products of the Carboloy Department of General Electric Company 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Ave., Detroit 32, Michigan 
CARBOLOY CREATED-METALS FOR INDUSTRIAL PROGRESS 


| 


cussed. The first section of the book 
oncludes with a summary of the rela- 
tive biological efficiencies of 20-Mev 
X-rays as compared with conventional 
radiation 

The second section of the book deals 
with electron-beam therapy, concern- 
ing which Dr. Laughlin is highly quali- 
fed to write. Almost all the high- 
energy electron therapy to the present 
time has been carried out by him. The 
book ably discusses ionization distribu- 
tions and dosimetry for electrons. 

The monograph concludes with brief 
discussions of the clinical applications 
ind the biological effectiveness of high- 


energy electrons 


Physical Properties of 
Solid Materials 


By C. ZWIKKER (interscience Publishers, Inc., 
New York, 1954, viii + 300 pages, $8.75), 
Reviewed by D. 8. Bituineron, Solid State 
Division, Oak Ridge National Laboratory, 
Oak Ridge, Tenn 


This book, in the words of the au- 
thor, is an effort to provide, in a single 
volume, a summary of the physics of 
olids. The author’s motive is highly 
commendable, as a book providing a 
comprehensive coverage of the field of 
solid state physics is much in demand. 
Activity in this field has been ac- 


|celerating since World War 2, with 


many important scientific and techni- 
eal advances having been made. 
There are many new workers in the 
field and there is an increasing aware- 
ness in academic, military, and indus- 
trial fields of the importance of solid 
state studies. 

It would be a pleasure to be able to 
say that the author has succeeded in 
meeting the demand for a modern bible 
of the solid state, but unfortunately the 
book tried to cover too much territory 
in too few pages In 300 pages, in- 
cluding indices, not only are conven- 
tional solid-state physics topics treated 
but, in addition, many other topics, 
normally not included in a book of this 
sort. For example, pigments, paints, 
the mechanical strength of stones and 
isphalt and other topics as well as 
Chapter 14, The Surface 

The brevity of the text means that 
the treatment of nearly all topics is 
of insufficient detail. It would have 
been interesting to see the present work 
expanded to 600-900 pages. 

There is observed in this book, and 
others of a similar nature published 
since 1945, a tendency to write shorter 


and shorter books with less and less 
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on more and more topics. This 


a deplored 


pite of the concern over the brief | 


ent, I must say that I enjoyed 
ng the book. The text is pre- 
n an interesting, easily read 

on. Numerous fine tables, graphs 
| photographs supplement the text. 


h the treatment is meant to be 


etical, there are often included 
el practical examples that are 
ight provoking. The literature 
is extensive and includes refer- 

through 1951. 

It should be emphasized that the 
s not meant to be an elementary 
ok, since a generous background 

hemistry and physics is a necessary 
erequisite to adequate understanding 

The subject matter is covered in 
ipters as follows: Elementary 

ticles and Forces; Constitution; Het- 
inisotropy; Systematic Re- 
Elasticity; Elastic After-Ef- 
and Damping, Dielectric Losses; 
ticity; Thermal Prope rties; Trans- 
ations; Porosity and Permealnlity; 
omagnetism and Ferroelectricit y; 
tronic Properties; The Surface 
he chapter titles suggest that the 
rangement of material is unconven- 
ind a closer inspection of topics 
red confirms this thought. The 
ngement, while novel, does not de- 
from the value of the book. In 

t this may be one of its strongest 

us the reader is led to regard 

subjects in a different light than 

normally accustomed to under- 

1 them 

example, the plastic deformation 

is examined in the chapter on 

opy and again in the chapter on 

while background for both 

chapters is treated under elas- 

th additional material in elas- 

r-effects and damping. The 

that the plastic deformation of 

considered just another exam- 

the general field of anisotropy 

not the reverse as is conventional 

e other novel feature is the use of 

meter-kilogram-second-a mpere- 

system of units throughout 

The choice is dictated by 

ibility of employing an inter- 

et of units. One must sub- 

» this motive, but it is unlikely 

ise of Newtons per square 

hen dealing with pressures will 
ecome popular 

he usual allotment of errors is in- 

ided in this book, typographical and 

therwise. Typical are the following 


On p. 76-—the derivation of the gen- 
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DEVELOP... 





propultion7 


If you are an engineer or scientist who wants 
to get in early on the age of nuclear propul- 
sion, this may be exactly what you have been 
looking for. 


On this project, you will be working on 
one of the most challenging problems of today 
— the development of a nuclear-powered air- 
craft engine. You will be engaged in a crea- 
tive-type of engineering where there will be 
every chance to gain professional recognition 

You will work within the continental 
United States for Pratt & Whitney Aircraft 
world’s foremost designer and builder of air- 
craft engines. You will have all the advantage: 
of this progressive organization — the ad- 
vancement opportunities — the chance to 
build a sound, well-rewarded career 


If you are an 
Engineer * Metaliurgist 
Chemist ¢« Physicist 


please send your resume immediately to 
Mr. Paul Smith, Office 13. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 


East Hartford 8, Connecticut 











The first step in a 
FILM BADGE SERVICE 


A single aluminum = Film 
Holder for 


exposures. 


light-weight 


X-, Beta- and Gamma-Ray 


NOW 
@ 24-48 Hour Service 


@ Air Mail reporting brings ovr lebora 
tory to your doer 


WE ALSO OFFER 
@ NEUTRON FILM BADGES 


@ FINGER TABS for measuring exposure 
to the hands 


© FILM BADGE STORAGE RACKS 
@ SPECIAL DOSIMETRY SERVICE PLANS 


Write for details 





> RADIATION DETECTION 
- AV 


COMPANY 276 COLLEG 


PALO ALT 


fO -—_ 
732 Our Product 








low cost 
dependable... 


KELEKET 


CHARGE- 
READER 


For the 
Best 
possible 
personnel 
radiation 
protection 


K-430A 
AEC *AE-1B 


This easy-to-operate waterproof 
voltage and light source with 
Keleket Pocket Chambers gives 
adequate protection against radia- 
tion exposure dangers. Any nurn- 
ber of Pocket Chambers can be 
charged and read on it. Range 
0 to 200 mr. Size: 64%" x 1%" x 
“” 


Also, can be used to charge Kele- 
ket Dosimeters 
Write for FREE Bulletin! 


KELEKET instrument Division 
266-2 W. Fourth St. 
Cevington, Ky. 








| It Means to Industry. 
a meeting in New York, Sept. 27-28 


eral relation K ,, L/h K%41/ Kus 
seems obscure. 
129 
to be drawn correctly 
On p. 130 


accepted that dislocations move at the 


On p Fig. 8.7 does not appear 


it is doubtful if it is now 


velocity of sound, 

On p. 172—grey tin is the alpha form 
not beta. 

On p. 179 
ture of Cu,Au is given as 110° C in- 
stead of 386° C, 

The 


Electronic Properties were well done 


chapters on Anisotropy and 
As were most of the other chapters, if 
one makes allowance for space allotted 

It is believed that most workers in 
the solid state field will have something 
of value to gain from this book and 
find 


their research. 


should reference to it useful in 


ALSO OF NOTE 


Some Biological Effects of Radiation 
from Nuclear Detonations. This 
booklet, reprinted from The American 
Naturalist (July-Aug., 1954, p. 209), is 
the report of a symposium held at the 


| Joint Session of the American Society 


of Naturalists and the Genetics Society 
of America at the meeting of the Ameri 
can Association for Advancement of 
Science, Boston, Massachusetts, Dex 


28, 1953. Science Press, Lancaster, Pa 


The New Atomic Energy Law—What 
This report of 


the Atomic Industrial 
Forum, presents the views of authorities 


sponsored by 


from government and industry. In 
cluded are sections on interpretation of 
the 1954 Act, investment problems and 
opportunities, future outlook, industry- 
government relations, government im- 
plementation of the law, labor outlook 
and insurance problems. Atomic In 
dustrial Forum, Inc., 260 Madison Ave 


New York 16, N. Y., 85.00 


Legal Control of Thermonuclear 
Energy——The Atomic Energy Act and 
the Hydrogen Program. 


article by John 8. Walker is reprinted 


This 38-page 


from the June '54 “‘ Michigan Law Re 
view.”’ Including many references to 
comments of legal and scientific experts 
Act of 1946 


Walker develops the point that military 


and the Atomic Energy 


and peacetime applications of thermo 


nuclear energy have not received 


proper encouragement and priority 


Michigan Law Review Association, Ann 


Vich. 


Arbor 


the transition tempera- 


ADVERTISEMENT 


SIMPLYTROL 


AUTOMATIC 
PYROMETER 


No. 4531 0 2500° F 
Price $132.00 


Cot 


Thermocouple type Automatic Pyrometer for 
temperature in furnaces, ovens, 
and processes. The Simplytrol is economical 
ond reliable with few moving ports. There 
The regulor load relay 


controlling 


ore no vacuum tubes 
is S.P.D.T. 5 Amps 
relays to 40 Amps 


Optional heovy duty 


10 temperature ranges cover from —75° to 
3000° F. Several special ranges to —400° F. 
On & Off control for holding the desired 
temperature works on gas, oil or electric 
heat. Indicating meter-relay is medium high 
resistance and has bimetal cold junction com- 
For use with all standard thermo- 
Accuracy 2% 


pensation 
couples 


Auto-Limit’ switch changes Simplytrol from 


automatic controller to limit for 
safety shut down or warning. Cabinet: 62x 
6'4x9'2 inches. Also flush panel mount models 
new Bulletin G-7 for more dato 


Chesterland 28, Ohio 


pyrometer 


Send for 
Assembly Products, Inc 


A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the ““WHY and HOW 
booklet.”’ 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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NEWSMAKERS 


Lauriston S. Taylor of the National 
Bureau of Standards has been pre- 
ented the Gold Medal of the Radio- 
ical Society of North America for 
leadership in radiation protection. 


Edward R. Trapnell, special assistant 
for Congressional relations to the AEK( 
reneral manager, has resigned He is 
oining the New York advertising and 
public relations firm of Bozell & Jacobs 
Ine 

Alvin Radkowsky has received the 
Na distinguished civilian service 
rd for his work on nuclear power 
projects while with Bureau of Ships. 
He now with AEC’s naval reactors 
branch 


John Christian Worner, president of | 
Carnegie Institute of Technology, has 
been named president-elect of the | 
American Chemical Society He'll | 


head the society in 1956. 


William O. Faxon has been named a 
lirector and executive vice president 


of Tracerlab, Inc. 


Samuel M. Seidlin, endocrinologist and 
pioneer in the use of radioiodine in 
thyroid diseases, died in January He 


=O 


Russell Field, formerly with AEC in 
Oak Ridge, has joined the engineering 
and construction firm of Holmes & 
Narver, Inc., as a project engineer. 


Robert D. Nininger has replaced Phillip 
L. Merritt as assistant director for 
exploration in AEC’s division of raw 
terials Merritt resigned to join 
J. Longyear & Co. as senior geolo- 


He will have offices in New York. 


F. Seymour Henck, assistant for public 
lucation to the manager of AEC’s 
tidge Operations Office, has re- 

d to join Campbell-Mithun, Inc 
ipolis and Chicago advertising 
Edwin E. Stokely replaces 

vith Wayne Range, former public 
nation officer for AEC’s Ports- 
ith area, assuming Stokely’s public 

ition post at Oak Ridge 


L. R. Hafstad, former director of reac- 
tor development for AEC, has been 
iwarded the AEC distinguished service 
Hafstad is now with Chase 

nal Bank of New York. 


Ralph D. Bennett has resigned as tech- 
I director of Naval Ordnance Labo- 
to assume the same position at 


kK s Atomic Power Laboratory 
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handling 
Hazardous Materials? 


Send for this 
Ta -t-Me leole) MP ale llallil:| 


OCI BIR Yh, 


iv 
inG COMPAN 
aril micniGAN 


The C-B-R System —Chemical, Biological, Radiological 
—is Kewaunce's latest contribution to sajety, convenience, 
efficiency and economy in the laboratory handling haz- 
ardous materials 

Based on the watchwords “concentrate-confine”, it 
provides vital protection to technicians and other labora- 
tory personnel, whether the materials handled are in the 
field of isotopes, explosives, solvents or toxic materials 
It provides remarkable flexibility and operating economy 
It assures outstanding efficiency and convenience 

And it’s all explained in the new free book “The CBR 
System by Kewaunee.” So if your laboratory is handling 
hazardous materials of any kind, we invite you to send 
for this book today. It's yours for the asking —and there's 
no obligation 


4. A. Campbell, Preside 
5083 5. Center Street + Adrian, Michigan 


Representatives in Principal Cities 


for your 
el lelael iol ag 


“Single Unit” for remote control 
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PRODUCTS ano MATERIALS 


A NUCLEONICS Special Survey: TO PROVIDE ITS READERS with compre- 


hensive information about film-badge 





services NUCLEONICS queried all known 


° ° ° suppliers and assembled the data pre- 
Commercial Film-Badge Services 277ies,ul svenble! the date pre 
film-badge service is available only to 

contractors and thus is not included. 

In following months other products and 





Coat of Minimum How often Control Time to Interval Finger or 
Firm name and ervice Vo. of Subacript are badges badge report badge is hand Related 
address per badge badges period supplied provided exposure kept on file hadges services 


Atomic Research Lab., $1-1, 80¢-2, None None Weekly, bi- Yes 7 days Perma- $1.50 apiece, Consulting, 
2633 Santa Monica 65¢-3-10, weekly, or nently then film monitor- 
Blvd., Banta 60¢-11-25 monthly prices ing, sur- 
Monica, Cal. veys 
lsotopes Specialties 5O¢ apiece 13 None Weekly “ Within 6 years Wrist brace- None 

Co., 3816 San Fer (quantity 7 days let sold, 

nando Rd., Glendale, discounts then 50¢ 

Calif, allowed per film 

R. S. Landauer, $1.20-1, 50¢ None 13 weeks Weekly, bi- ’ About Perma- Same price Area mon- 
Jr. and Co., each add (shorter weekly, or 2 days* nently as badges itoring 

P. O, Box 102, Over 50 at higher special ar- badges 
Park Forest, quantity price) rangement 5-$12, 

Ill, prices $1.25-add. 
Nuclear Consult- $1-1, 60¢- 3months Twicea ! 2 years Consulting 
ants, Inc., 2-9, 504-10 month 

33-61 Crescent and over 

St., Long Island 

City 6, N. Y. 

Nuclear Inst. and 65¢-3-24, Weekly, bi- Yes 1 days* Perma- ORNL 
Chemical Corp., 223 60¢-25-49, weekly, or (3 or nently packets- 
W. Erie 8t., Chi- 55¢-50-99 monthly more 55¢-40¢ ea., 
cago 10, Ll. 5O¢ LOOf badges) consulting 
Radiation De- 50¢ (weekly) None 26 wk if Weekly, bi- Yes Within Perma- 70¢ Badge 
tection Co., 576 60¢ (bi-wk 1-2, 13 weekly, or 2 days* nently apiece storage 
College Ave., Palo $10 per yt wk if monthly racks 
Alto, Calif. (monthly 3 consulting 
R-C Scientific 60¢ apiece N 13 pe- Weekly or e Within Indefinite Finger Survey 
Inst. Co., 307 Cul- $2.50 min riods longer 7 days ring- pack of 
ver Blvd., Playa quantity scheduled 75¢ 10-$10 

del Rey, Calif. discounts period ($3 min.) 


St. John X-Ray 5O¢ per None As desired Cs Within a Badge is None Environ 
Lab., Califon, badg or user holds few days returned ment mon- 
New Jersey $75/yr min supply to user itoring 


Technical Associates, 60¢: les ; 13 pe- Weekly, bi- 'e Within Indefi- Wrist Consul- 
140 W. Providencia on quant riods weekly, or 7 days nitely bands-$1, tation 
Ave., Burbank, Calif. or yr con special ar- then 60¢ 

tracts rangement per film 


Technical Opera- 75¢ each vone None As ordered Yes Indefinite None 
tions, Inc., 6 Sch- discounts (3 mo sold) 

ouler Ct., Arling- on con max, 

ton, Mass, tracts storage) 


Tracerlab, Inc., 60¢ apince 3 : Weekly or e Within Perma- Wrist Consult- 
130 High St., over 2h any regular 5 days* nently band-$1.50, ing; body 
Boston 10, quantity schedule then film survey 
Masa.{ discounts prices packet 


* Will notify of any overexposures by collect telegram, if requested. {+ Deduct 5% for yearly contract on weekly basis. Price 
Richmond 2, Calif. 
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ils of particular use in atomic- is known, better accuracy is possible. range, as y background affects range; 
work will be reported. Tabulated data do not include neu- and an accuracy in line with that ob- 
m-badge dosimetry is complicated tron badges or film-badge holders for tained by the AEC Radiation Detec- 


the energy spectrum encountered, sale. These data follow. tion claims thermal and high-energy 


whether mixed 8 and y is pres- neutrons are recordable; a dose range 
lus the variables of film sensitiv- Neutron Badges of 20% of tolerance to an indefinite 
processing conditions, and radia- Radiation Detection Co. and Tracer- upper limit; and an accuracy for toler- 
discrimination method. Because lab, Inc. supply neutron badges at ance flux no better than 100%, but 
the accuracy tabulated is a $1.25 each. Both firms use Po-Be better accuracy as exposure increases. 
figure and does not represent sources for calibration. Tracerlab R. 8. Landauer reports it is in 
the best obtainable or a guaran- claims recordable energy range of up augurating neutron-badge service in 
rformance. If radiation energy to 20 Mev: an uncertain film dose February, at about $1.20. Atomic 





thod of dis- Gamma rays Beta rays 


shing How often Eneray 
calib, film Calibration Accuracy Energyrange Film dose Calibration Accuracy range Film dose 


processed source (%) ( lab range source Ly / recordabl range 
} < ( 


yper step Monthly Radium 50 kv 10mr-lOr = Sr% 2! 100 ke lOmr-lO0r 
wedge X-ray (Co 250 ky 3 Mev 
optional) X-ray (min 


With ; 10% or 15 30 kev } 10 mr Srey 10 kev 10 mr 
each mr high Mey 500 r I-mil. 8. 8., »>3 Mev » 500 x 
batch energy 50-cm air 
gammas filtering 
win With Film ex- 20 30 key 30 mr Use 8 About 20 100 kev 60 mrep 
i differ- each cus- posed at en- about 5 600 r (X0.1 emitter higher 1200 rep 
ibsorbers tomer ergy found Mev (at for low specified by (higher 
batch from dark- stated ac- energy y) customer for lower 
ening ratios curacy ) energy) 
vin- With X-ray, Co 20(>140 40kvandup 50mr-20r Not calibrated for beta, 
0.5-mm each kv) 


mm batch 


vin- With 2 25 kev 50 mr-500r Subtract background from open window reading 
low; 10-mil each 10 Mev to get equivalent exposure caused by § rays 
Cu, 40-mil batch Possible factor of 2.5 unless 6 energy known 
Cd, 40-mil Al 
Open win- With 30 kev X- 2 25 kev 30 mr-400 r Film sen- 25% if 1 Mey 50 mrep 
Al, Cd, each rays, Co® 3 Mev, spe- (—50r low sitivity energy higher 100 rep 
il Pb batch cial calib energy 7) calibrated known, no 
ters for others low 4 
With X-ray, Co; 2 30 kv and 10 mr-750 r U** or other 20 1 Mev and 10 mrem 
vy; 20-mil each special up } films) on request up > 1,000 
ri-mil batch sources on rem 
request 
With Co” : Dupont 552 film figures Do not monitor, but for rough estimate of 8, 
each multiply our figure by 3. 


bateh 


With 45-, 100- 25 mr-100r U?*"*, and Dosage 100 key 100 mr 
each 200-kvp emitter estimate higher 5Or 
batch X-rays, Co® specification based on 
U 6 curve 

With 50-250-kv { 25 mr-20r Not calibrated for beta 
each cus- X-rays, Co 
tomer 
batch 
With X-ray, Co Dependent 10 kevand 20mr-50r U**, and In line 150 key 10 mrep 
each upon status up (-2,000 r emitter with AEC higher 80 rep 

of source on request specification install, per- 

knowledge formance 


t For the 17 western states; Tracerlab, Inc., Western Division Film Badge Service, 759 23rd Bt., 
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Research Co. reports a neutron-film 


badge service is in development 


Filrn Holders for Sale 
A. M. Samples Machine Co.” offers 


Or 


10 models of badge holders at $1.25 
1.75 apiece (quantity discounts). They 
hold two dental sized film packets, and 
Holders 


about 1l-oz, various attachment means 


weigh 


have two Cd shields 


are available. One holder is on a wrist 
bracelet. 

The following firms offer to sell thei: 
complete film badge as described in the 
table but without ser 
Inst. & Chem., $1.25; Rl 
Inst., $1.50; St. John (ORNL type 


$1.50; and Technical Operations, $0.75 
* * * 


. 
Nuclear 


screntifi 


Copies of this survey, at 10 cents each, can be 
obtained from Reprint Department, VUCLE 
ONICS, 830 Weat 42nd Street, New York 3 
ns 

The Editora of NUCLEONICS 
thank Hanson Blatz of the AEC Neu 
Operations Office for hia assistance 
in preparing this survey 


wish to 
York 


and advice 


RADIATION DETECTORS 
AND ACCESSORIES 


Portable Recording Monitor 
Model PRAM-5 
gamma radiation 
100 r/hr with alarm feature 
to 500,000 r/hr are 


corder is driven by 


above measures 
from 0.1 mr/hr to 
tanges 
available Re 
rest 


Life 


pring motor 
of unit operates on dry batteries 

is in excess of 200 hours recording con 
tinuously, Jordan Electronic Mfg. Co 


119 EB. Union St., Pasadena 1, Cal 


H-V Selenium Rectifiers 
Cartridge-type selenium 
U45HP supplies 1.5 ma at 900 v d-c 


Rectifier is half-wave, 2 in 


rectifier, 


long x 4 
leads I'y pe 
1,000 


in. o, d., with pigtail 
US50HPF differs by 
volts, is 44 in. shorter 
Rectifier Corp., 1521 E 
El Segundo, Calif 


supplying 
Inte rnational 


Grand Ave 


*208 Tazewell Pike, Knoxville 18, Te: 


Survey Meter 


Model GS-3CD 
specifications in weight 
lb), Detects 
and gammas in three ranges 0-0.5, 0-5, 
and 0-50 mr/hr. 

D cells and three 
B batteries. 
Corp., 2460 Arlington 


CVD-700 
{ 4 M4 
betas 


exceeds 
81zZe 
and ruggedness. 
Uses two flashlight 
15-volt 


Nuclear 


miniature 
Measurements 
Ave., I[ndianap- 


olis 18, Indiana. 
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Interlocking Shields 


Magnetite concrete blocks shaped as 
shown above provide radiation shield- 
ing; ends are similarly shaped for no 
also available 


leakage. (This shape is 


in lead, 6 in. wide and 8 in. long 

High density means 40% less thickness 
required than for ordinary stone con- 
Co 
Blocks are available in 8, 12, and 16-in 
lengths. Ray Proof Corp., 518 W 


54 St., New York 19, New York. 


crete when shielding gammas 


Beta-Emitter Analyzer 


Model ISA isotope analyzer uses ab 
sorption and scattering of beta rays in 
high-Z materials to analyze 0.2 « 10~°- 
beta emitters. 
0).25-volt 
high-voltage supply. 
Co., 8338 
[llinois. 


curle Requires scale: 


with input sensitivity and 


Forro Scientific 


Lincoln Street, Evanston, 


y-Ray Spectrograph 


Mark-20 spectrograph consists of scin 
tillation probe and its power supply 
combined with a complete single-chan 
nel pulse-height analyzer and recorde: 
l- yee 
differential 
analyzer has 0-5-volt window constant 
to within 0.1%. Precision (1%) linear 
counting-rate feeds X-Y re 
Electrically reset scale-of-4,096 
Radiation 
6122 W 


Nonoverloading amplifier has 


delay-line pulse shaper 


meter 
corder. 
included for point checks. 
Counter Laboratories, Inc.., 
Grove St., Skokie, Illinois. 


Scintillation Probe 


Type 653 scintillation head provides for 


scintillators of various sizes ; interchang 


eable caps with thin end windows or 
Avail- 
able scintillators include Pamelon acti- 
ated plastic, Hornyak buttons, ZnS 
powder, and encapsulated Nal crys- 
tals in several sizes. Photomultiplier 
EMI 6260) 1.2-kv 
cathode follower requires 300 v at 10 


lead collimators are available. 


requires supply , 


ma and 6.3 v a-c at 0.3 amp. Isotope 
Dew lopme nts Lid.. 
House, 120 Moorgate, 
England 


Finsbury Pavement 
London E. C. 2, 


Coincidence Circuit 
Model DZ4, fast-slow coincidence cir- 
developed from ORNL 


resolving 


cuit, above, 


prototypes. Fast-channel 
time is from 0.01 psec to several usec. 
slow-channel 


Extreme flexibility of 


input requirements permits use with 
analyzers. Accepts 4 
or pulses Detectolab, Inc., 


\V. Sheridan Road, Chicago 26, Illinois. 


multichannel 


6544 


1620 


reads 


Counting-rate meter. Model 
analytical counting-rate meter 
directly in cpm, has six ranges to 
100,000 


supply. 


cpm, built-in high-voltage 
Instrument and 


West Erie St., 


\ ucle ar 
Chemical Corp , eee 


Chicago 10, Illinois 


Mark IV Geiger 
and 


Prospecting counter. 
334 Ib 
4 


over-all. 


counter weighs measures 
Scales are 
100 that. 


headphones give 


3xX4x7 in. 
0-0.2 mr/hr 
Neon 


and 10 and 


lamp and 
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readout of Ceiger- 
inter output. Menlo Research Labo- 


atory, Menlo Park, California. 


yunt-byv -count 


pocket dosimeter. 
measures dose to 


Self-charging 
German lonometer 
200 mr, is 1 in. in diameter by 444 in. 


ong. Mechanical self-charger elimi- 


nates need for separate charger. 
Vassau Distributing Co., 1738 Broad- 
New York 19, N. Y. 
Dose meter. Three dosimeters (0.5 
5, and 50 r full seale) and model L-61 
el irger reade! give 29, 
to 1.4 Mev, with 
provided for 20-130-kev region. 
Landsverk Electrometer Co., 550 W. 


field Ave., Glendale 4, California. 


accuracy trom 


120 key calibra- 


tio! 
Ga 


Well-type scintillation detector. 
Model 810 counter has 1 44-in.-diameter 
Nal(TI 


}} s-in.-deep well 


2-11 high 


with 
Du 
nt 6292 photomultiplier, and unity 
Model S10A has built- 


with 0.25-volt out- 


scintillator 


diameter 


impiliher 
linear amplifier 
\tomic Instrument Co., 84 Massa- 


iselts Ave., Cambridge 39, Mass. 


AND APPARATUS 


Vial-Sample Changer 
Model 

ne { hanger 
of 


tl Thee 


35006-A, above, is an automatic 


for scintillation well 


to 32 liquid samples 
to O.00001 ye. 
itor presets positions to be read 
to 


operations 


counting 


uD 
ities down 
dine 

nul are be 


nted. All 


e aut 


iber of times they 
subsequent 
matic, including instructions to 
sutomatiec scaler and printer. //arper 
Engineering Co., 922 Dragon St., Dallas, 


T'ea 


Radioisotopes 

Sterile solutions and capsules of I'*! 
for medical use are standardized and 
ly tor 
25. or 50 


reas use 


Capsules contain 15, 


mec ol radioisotope. Solu- 


tions have specific activity of 25 me 
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Start your lifetime career in 


ATOMIC POWER 


at 


Westinghouse 


Power Division is operating a new plant 


The Westinghouse Atomic 
Laboratories are com 


on the outskirts of Pittsburgh, Pennsylvania 
pletely new. Equipment is right up to the minute. Atomic energy will 
be explored here as a source of power for transportation and industry 


Westinghouse is now searching for men who can use these tools and 
who want to build a LIFETIME around atomic 
power work who want to get in while this great new industry 
is still on the ground floor. 


opportunities 


As the exciting new potentials of atomic power reveal themselves 
we expect the men we employ to provide the nucleus around which 
this new Division will expand. 


Atomic Power Opportunities are waiting Now 
for Engineers with this kind of experience: 
FOR MECHANICAL ENGINEERS FOR CHEMISTS 


Fluid flow reaction 
ical and hydraulic and mecha 
nisms, design and application of high 
pressure piping and systems, heat trans 
fer, rotating machinery, general steam 
apparatus and steam power systems 


FOR ELECTRICAL ENGINEERS 


Development, design and application of 
control systems and apparatus for nuclear 


heat balance, valves, mechan Physical chemists for rates and 


devices mechanism studies, radiation chemists, 


nuclear chemists, radio chemists 


FOR METALLURGISTS 


Applied research and development on re 


actor metals and components—- powdered 


plants. This includes servo analysis, ap 
plication of analog computers, functional 
and operational analysis of mechanical 
and electrical power systems and the ap 
plication of pressure, flow 
instruments, motor 
controllers, regulators, control panels and 


temperature, 
nuclear instruments 


spec ial electrical controls 


FOR CHEMICAL ENGINEERS 


Design and operation of chemical process 
plants, design and application in plant 
instrumentation, hydraulic sys 
tems, heat corrosion, ion ex 
change, thermal plant con 
struction and pilot plant design and op 
eration 


control 
transfer 
insulation 


FOR PHYSICISTS 


sics, reactor design and 
ystems, and experimen 


Basi 
analysis, control 
tal testing 


reactor ph \ 


MANY 


In addition to good pay 


metallurgy and physical metallurgy 


Every fourth person now at the Plant 


is an engineer cr scientist, and over 


half of its executives are engineers 


SALARIES 


Open. The Westinghouse Atomic Power 
Division wants good men. Attractive of 
fers will be made based on experience and 
ability 


LOCATION 


Approximately 12 miles of Pitts 
burgh, Pa. No traffic problem if you live 
in this general area, Many homes avail 
able and under construction, Good shop 


south 


ping and suburban area 


EXTRAS 


Investigate! « low cost life and sickness in 


surance with hospital and surgical benefits * modern pension plan * 
opportunity to acquire Westinghouse stock at favorable price + privi 
lege of buying Westinghouse appliances at discount 


itizens of the United States need apply. Please send a complete resume to 


F. Stewart, Atomic 


Power Division, 


Westinghouse Electric Corporation 


P.O. Box 1468, Pittsburgh 30, Pennsylvania 
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Larger Sizes Now Available 
HI-D® LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls 


PENBERTHY INSTRUMENT CO. 


666 Adams St Seattle 8, Wasi | 








SEARCHLIGHT 
hy fogs ie], | 


lassified Advertising 


ame YMEnT BUSINESS 


usto or RESALE 


OPPORTUNITIES 


EQUIPMENT 





NUCLEAR POWER ENGINEER 

To initiate and direct the design, testing and 
customer liaison associated with valve and pip 
ing developments for atomic power and other 
nuclear activities. Advancement prospects ex 
cellent with company highly regarded for prod 
ucts and research work in power and process 
fields, Salary open, replies confidential, Write 
or contact Personnel Director 
Edward Valves, Inc., 

Manufacturing Compar 


Subsidiary of Rockwell 
East Chicago, Ind 











REPLIES (Rox No.) 
NEW YORK: 330 ¥ 
CHICAGO 520 N 
SAN FRANCISCO 


iddress to office nearest you 
42nd St. (36) 

Michigan Ave. (11) 

68 Post St. (4 


POSITION WANTED 


PHYSICIST.-EXPERIENCED in tra techniques 
Cincluding Cl4) in Medical & Industrial application 
staff member of Medical Schau N.Y PW 
$252, Nucleonics 


90 


| im 





Shipments can be made upon 
Abbott Laboratori 


cm.” 
few hours notice. 


North Chicago, Tu. 


Thin Films 
Listed in 
foils 


Foils are 


table below are 
copper uselul as 


windows liable to sporad 


porosity but some have hole-free are 


nickel and 


absorbers thi 





Electrodeposited Foils 
Vickel 


f ‘op pe 7 


7 hic kness 


(mils) 


Thickness 


mils) 


Area 


(rrade* 


0.02— 0.05 | 
0.02 0.1 ‘ 
0.02-! 0.12-2 \% 
0.002-0 Not 


availabl 


eA As 


area; © 


made; B: Has ce 
Light-tight over 
Too thin to handle, hence copper 


entire area; D 
backed 


user dissolves copper 


al light-tight 





in ' 
Chromium Corporation of America 


| Attn. W. M. Sternfels, Waterbury 20 


Connecticut. 





| 


Fastening Tool 
| Powered by a small gunpowder cart 


Ramset tool 
studs into concrete 


ridge can drive ! 6 


in, steel Shown 
above is application to lead lining; stud 
thorough 44-in. steel 


drove strap 


in. lead, and 4¢-in, steel tank wa 
Ramset Division, Olin-Mathesson Chen 
] Rey Berea Rd 


Cleveland 


ical Corp 2 
11, Olvwe 


Wireless Microphone 


Useful for laboratory 
and 


pocket 


communication 
Port-O-V oy 
batter’ 


remote operations 
transmitter is 
operated, weighs 18 oz. total 
at 27.51 Me and has 100-600-ft range 
Companion 24-lb receiver operates on 
LL Sv Port-O-Vox Corp., 521 W 
13 St.. New York 36, N. ) 


f-m 


ope! ites 


a-€ 


ELECTRONIC INSTRUMENTS 
AND APPARATUS 


Milli-Micromicroammeter 
Model DC 151 


measures d-c currents from 3 
to 10 
voltage 


above, operates on a-c, 
LQ~* 
ranges Input 

0.25 full 
Accuracy is better 


amp in 15 
requirement is my 
scale on all ranges 
if 


Z on all except the lowest range, 
10% 


than 5 
Scientific Specialties 
Boston 


where it is 
Corp., Snow and Union Streets 


35, Mass 


impedance Bridge 
Model 


above, 


250-DA 


Measures 


impedance bridge, 


0.1 milli- 


capacitance 


resistance 
megohms), 


1.200 


ohm to 12 


0.1 put to 
inductance (0 


mfd in 7 ranges), 
wh to 1,200 henrys in 
dissipation factor 0.001 to 


0.02 to 1,000). 


7 ranges 
1.0 
Networks ay 


and storage factor 
ition at 
frequency 100 and 
within IY Klectro- 


(312 | 


lable for opel 


any fixed het ween 
LO,000 eycl 
Ve asurement Tne 


Portland ] ) 


Slark St., 


Oregon 


Current-ratio meter. Panel meter in- 


dicates ratio of two direct currents 


between 2 and 50 ma. Movement 
fixed coils surrounding small 
magnet attached to pivoted 
Thomas A. Edison, Inc., In- 


Division West Orange Veu 


uses two 
1 
Alnico 
pomter 
strument 


Jerse y. 


Expanded-scale panel voltmeter. 


Use of thermal bridge permits ex- 


panded-scale indication of a-c voltages 


low as 6.25 v with a span of 0.25 v 
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I as 230 y 
\ cura 
50—2.000 ¢ Arga Division, Beck- 


is 0.5%; frequency range is 


Instruments 220 Pasadena | 


I nc., 
' . ; 
South Pasadena, California. | 


INDUSTRY NOTES 


Keith H. Johnson 
Herbert N. Stewart, former treasurer 
of Detectolab, 


has replaced 


gene! al manager 


Inc., ( hicago, [llinois 


> Ketay Instrument Corp., has pur- 

iwed a majority stock interest in the 
Vari-ohm Corp., Amityville, 
Island. Ketay will shortly consolidate | 
Norden Laboratories Corp., to 
m the Norden-Ketay Corp. 


Long 


wit! 


p> S. W. Brown who participated in the 

design of the air-conditioning systems | 

nuclear-powered submarines, | 

Nautilus Wolf, has left the | 

Carrier Corp. and established a con-| 

iting engineering firm at the Chrysler | 
New York City 


t¢ the 


and Sea 


lng 


| 
LITERATURE AVAILABLE | 


Mylar. Technical reports TR-1 and 
[R-2 describe Mvlar, DuPont’s poly-| 
Du 
HW uimington 


Pont Film 


Delaware. 


tive De partment, 


1312 lists pnp | 
gold-bonded ger- 


Transistors. Bulletin 


junction transistors, 
Transi- 


Mas- 


manium and silicon diodes. 
tron Electronic Corp., Melrose 76 


ichusetts. 


Atom modeis. Apparatus News de- 
cribes new atom models and other lab 
irthur S. Co., 


Chicago, Lli. 


paratus Lapine 


‘s A nol 


Generators. General catalog 
2120A (2 p.), 
t p.) on pulse instru- 


Pulse 

brochure and 

» 2140A 

generators, 

Ine 11811 
Cal 


1 ' 
AY ailable 


Major St . 


nts and are 
ctro-P ul se 


lver City 


Temperature controller. Bulletin 104) 
adjustable bimetallic thermo- 
Ine 16} 


MeScrTipes 
tat 


jurling Instrument Co., 


River Rd., Chatham, N. J 


Polyethylene. Catalog A954 lists 
I rm ind products made of poly- 


et } Palo 


/ 81 Reade St 


Laboratory Supplies, 


Vacuum pumps. Catalog 750 (32 p 


ting available pumps, bulletin 755 
6 p.), describing their care, and a 
ium calculator are offered. F. J 


Stoke Vachine Co., Phila. 20, Pa 
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with a 30-y span. | % 


- Harwell, the monitor 


film, and adhesives for it, respec-| - 


aes . aa > we 


FROM THE RANGE OF BURNDEPT NUCLEONIC INSTRU 


HAND AND CLOTHING 
MONITOR TYPE 1319 


conjunction with the 
Atomic Energy Research Establishment, 
Type 1319 is of 
advanced design and gives a positive 
and rapid check of contamination on 
hands and clothing due to alpha, beta 
or gamma active deposits. Large area 
scintillation counters are used for the 
hand check, Geiger counters and small 
scintillation counters for clothing. The 
meter reading is shown in “ tolerances’ 
and a bell warning system operates in 
the case of excessive contamination. 


Designed in 


@ Scintillation and Geiger counter sys- 
tems. @ Alpha and Beta/Gamma probes 
®@ Suitable for operation in most climates 
@ Conforms to British 


Specifications 


Inter - Service 


The 1319 is one of a range of nucleonic instruments 
designed and manufactured by Burndept Limited 
We welcome enquiries for any form of laboratory or 
industrial nucleonic instrumentation 
For further particulars, write to Dept. N 
BURNOEPT 
ee 


BURNDEPT LTD - NUCLEONICS DIVISION - ERITH 


KENT 


ENGLAND 











{ ALUMINUM DOLLIES | 





SCOPE DOLLY MODEL | 


® Convenient Height and 
Viewing Angle 


® Lightweight Aluminum 
Construction 


® Recommended by Lab 


® Adjustable to Hold 


Portable Scopes Used 


* Ball Bearing Swivel 
Rubber Tired Casters 


oratories 


Wherever 


$38.50 


FOB Lovisville, Ky. 


TECHNICAL SERVICE CORP. 


1404 W. Market St 





els | 
| 


Louisville 3, Keatucky 


PRECISION wy a) Lquipom wt, 


* MICROSYRINGE 
lispensable os a pipet cont 
turning thumbs 
ne by ding plunger oa 
yringe works best in pipettir 


’ ‘ 
raer v« ne mioroS mim 


* MICRO PIPETS 
Kirk type tronster Calit 
0.00 r 


fror nbda 


MANUFACTURERS OF « Sample Pletes - 


Lucite 


Tweeners «+ 


Microsyringe Ring Stand Clamp «+ Beta Shielded Medical 
Syringes + Lead Centrifuge Tube Shields + Lead Brick. 


THE HAMILTON 


134 WHITLEY STREET «+ WHITTIER 


COMPANY 


CALIFORNIA 





EKGO Electronic scaling equipment 


AUTOMATIC SCALER TYPE N530, ‘This new Type Ns30 Automatic 
Scaler times a pre-determined count or counts for a pre-determined time, 

it can also be manually operated. It incorporates a stabilised high voltage 
supply for polarising a Geiger-Muller Probe or Scintillation Counter, 

an input amplifier and a pulse height discriminator. 

With the addition of a suitable radiation counter it forms a complete 

counting or timing equipment. 


SCALER TYPE N529 


Ekco Type N529 is a five decade Scaler using ‘Dekatron’ tubes. Like the 

N530 it incorporates a stabilised high-voltage supply, an input amplifier and a 
pulse height discriminator, and it requires only the addition of a suitable 
radiation counter to form a complete counting equipment 

The setting-up controls are situated behind a hinged door and routine 

operation is by means of press-button switches. 

Write for the complete catalogue of Ekco Nucleonic and Electronic Equipment, 
including Scintillation Counters, Scaling Units, Counting Ratemeters, Radiation 
Monitors, Vibrating Reed Electrometers, Geiger-Muller Tubes, Lead Shielding, 
Linear Amplifiers, Power Units, Complete Counting Installations, Thickness Gauges. 


EKCO electronics 


CE)EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX - ENGLAND 
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ATOMIC S 


using Cold Cathode Tubes 


new e@low current @low heat 
@ long-lived 


new—simpler—more reliable 
exclusive improved circuits 
(Pat. Applied for) 

use of cold cathode tubes elim- 
inates many hard tubes 
lower power consumption 
cooler operation 

more economical for general 
radioactivity counting 








Model 1031 Pre-set Time Scaler 
(shown above), with built-in 
Regulated H. V. Supply. 500- 
2500 volts 

Model 1035 Pre-set Time Scaler 
identical to Model 1031, ex- 
cept with 1000-5000v. Regu- 
lated H. V. Supply 

Model 131 Pre-set Time Scaler 
(shown below) for use with 
separate H. V. Supply 


MODEL 131 





Atomic’s complete 
line of ‘‘research 
quality” instruments, 
including: Scalers, 
Amplifiers, H. V. Sup- 
plies, Analyzers, Scin- 
tillation equipment, 
etc., are described in 
the new General Cat- 
alog. Write for your 
“registered” copy. 














ATOMIC INSTRUMENT 
COMPANY 


84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS 





Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, 
Count Rote Meters, Coincidence and Anticoincidence Instruments, 
Differential Pulse Height analyzers, Accessories. 


Model 1031 general pur- 
pose, 5 microsecond resolv- 
ing time, scaler for 
radioactivity counting 


Atomic offers these additional new scalers 
for Geiger, Scintillation or Proportional 
counting . . . more economical instru- 
ments with the newest design features 

. may be used with standard Linear 
Amplifiers, Pulse Height Analyzers and 
suitable detection devices. 


INPUT SENSITIVITY, 0.25v. negative, with adjustable 
stable discriminator 

RESOLUTION, betier than 5 microseconds 

REGULATED HIGH VOLTAGE SUPPLY, (60 cycle type), 
500-2500v. with coarse and fine controls (Mode! 1031) 
SCALE FACTOR, scale of 1000 followed by 4-digit 
electro-mechanical register . 

CONTROL: Pre-Set Time or manual with elapsed time 
to | hour 

RESET: Single switch resets both register and scaling 
stages 

TIMER: Atomic's Model 960 Dual-Purpose Precision 
Timer, preset or elopsed time from | second up to 
1 hour “ 
DIRECT READING “'VISUALIZED'' COUNT 

UNITIZED CONSTRUCTION, functional plug-in units pro 
vide simplified circuits of high reliability 


Get complete information on Atomic's new Cold 
Cathode SCALERS—write today for Bulletin 1031-1. 
For full details on Atomic's Standard 10-10 Series 
Scolers, please request Bulletin 1010-1 


Watch for more new ATOMIC precision 
instruments for nuclear research 


SALES REPRESENTATIVES 

H, E. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, fo. 
W. A. BROWN & ASSOCIATES — Alexondrie, Virginio 

Branch Offices — throughout Southeastern U.S 
PACKARD INSTRUMENT CO. — P.O. Box 428, LoGronge, ili, 
KITTLESON COMPANY — Los Angeles 46, Calif 

Bronch Offices -— Sen Francisco, Calif. — Albuquerque, NM 
RON MERRITT COMPANY — Seattle, Wash. 
STRAUS-FRANK COMPANY, Eng. Prod. Div. — Heuston, Texes 
CANADIAN MARCONI! CO. — Montreal, °.0 


Pasamh, 
Bronch Offices Winnipeg—V o 





Mailt 








@ REFERENCE DATA: Write for Bulletin 14-1, 


First private reactor 
heralds new era 


Engineering students check opera 
tion of North Carolina State College’ s 
new nuclear reactor. One kilogram 
of U-235, loaned by the A.E.C 
powers the reactor which pro 


luce more radiation than $200 


million worth of radium 


ry. 

Las NEW low-power nuclear reactor at North 
Carolina State College marks several ‘‘firsts”’ 
the first privately owned reactor, and the first 
built exclusively for peacetime nuclear research 
And like many of the larger reactors 
used in government installations, it utilizes 
ElectroniK recorders. 


projects. 


By every standard of performance, Electronik, 
instruments meet the exacting requirements of 
nucleonic research. Their precision is assured 
by rigid limits of adjustment at the factory 

and sturdy construction safeguards that pre 


cision during years of service. 


Of particular interest in nuclear investigations 
are the many specialized modifications of the 


‘Automatic Instrumentation 


ba We ghblell-)-b ab a-y-1-)-b eel a] 


ELlectroniK potentiometer designed for record- 
ing research data. The ultra-fast '4-Second 
Pen Speed Recorder... the two-pen Duplex 
. the Function Plotter which auto- 
and the versatile 


Recorder . . 
matically charts y=f (x)... 
Adjustable Span Recorder . can materially 
accelerate research programs by relieving 
scientists of tedious data-taking work. 


Your nearby Honeywell field representative 
will be glad to discuss your own instrumenta- 
tion requirements . . . and he’s as near as your 


phone. 


MINNEAPOLIS-HONEYWELL REGULATOR CoO., 
Industrial Division, Wayne and Windrim Aves., 
Philadelphia 44, Pa. 


to Accelerate Research.” 


ee 


NTS 


BROWN It*NSTRUM 





